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Control of alternative splicing by antisense oligonucleotides as a 
potential chemotherapy: effects on gene expression. 
Mercatante Danielle R; Kole Ryszard 

Department of Pharmacology and Lineberger Comprehensive Cancer Center, 
University of North Carolina, Chapel Hill, NC 27599, USA. 

Biochimica et biophysica acta (Netherlands) Jul 18 2002, 1587 (2-3) 
p!26-32, ISSN 0006-3002 Journal Code: 0217513 
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Expression of alternatively spliced mRNA variants at specific stages of 
development or in specific cells and tissues contributes to the functional 
diversity of the human genome. Aberrations in alternative solicina were 
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or maintenance of various diseases including cancer. The use of antisense 
to modify aberrant expression patterns of alternatively 
is a novel means of potentially controlling such diseases, 
utilize antisense oligonucleotides as molecular 
agents, the global effects of these molecules need to be 
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examined. The advent of gene expression array technology has now made it 
possible to simultaneously examine changes that occur in the expression 
levels of several thousand genes in response to antisense treatment . This 
analysis should help in the development of more specific and efficacious 
antisense oligonucleotides as molecular therapeutics . (94 Ref s . ) 
Record Date Created: 20020626 
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A misspliced form of the cholecystokinin-B/gastrin receptor in pancreatic 
carcinoma: role of reduced sellular U2AF35 and a suboptimal 3' -splicing 
site leading to retention of the fourth intron. 

Ding Wei-Qun; Kuntz Susan M; Miller Laurence J 
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0008-5472 Journal Code: 2984705R 

Contract/Grant No.: DK 32878; DK; NIDDK 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Abnormal splicing of primary RNA transcripts of normal genes is a 

cancer cells. A misspliced form of the cholecystokinin-B/gastrin (CCK-B) 
receptor recently was reported to be present in colon carcinoma, where it 
was postulated to play a role in stimulating tumor growth (M. R. Hellmich 
et al., J. Biol. Chem. , 275: 32122-32128, 2000). Here, we report the 
presence of the same abnormal protein in pancreatic carcinoma and explore 
the molecular basis for this missplicing event. Reverse transcription-PCR 
and sequencing were used to demonstrate the presence of a misspliced form 
of the CCK-B receptor having its fourth intron retained in three pancreatic 
cancer cell lines and in tumor tissue, but not in surrounding healthy 
pancreas, from two patients with pancreatic carcinoma. A mini-gene 
construct representing the region of this gene from its third through its 
fifth exon and containing the two intervening introns was produced and 
transiently expressed in the MIA PaCa-2 human pancreatic cancer cell line. 
Specific reverse transcription-PCR reactions with both vector-derived and 
receptor-specific primers demonstrated the presence of both correctly fully 
spliced and selectively misspliced forms of this receptor. Mutagenesis of 
the mini-gene demonstrated that a suboptimal sequence at the 3 ' -end of 
intron 4 contributed to this missplicing. This focused attention on the U2 
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Correction of alternative splicing of tau in f rontotemporal dementia 
and parkinsonism linked to chromosome 17. 3 
Kalbfuss B; Mabon S A; Misteli T 

National Cancer Institute, National Institutes of Health Bethesda 
Maryland 20892, USA. Ln ' tsetnesda, 
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Mutations in the human tau gene cause f rontotemporal dementia and 
Parkinsonism associated with chromosome 17 (FTDP-17) . One of the maior 
disease mechanisms in FTDP-17 is the increased inclusion of tau exon 10 
during pre-mRNA splicing. Here we show that modified oligonucleotides 
Son ?n aga ^f the ^au exon 10 splice junctions suppress inclusion of tau 
n „ \ • effect is mediated by the formation of a stable 

pre-mRNA-oligonucleotide hybrid, which blocks access of the splicina 
machinery to the pre-mRNA. Correction of tau splicing occurs in a tau 
minigene system and in endogenous tau RNA in neuronal pheochromocytoma 
cells and is specific to exon 10 of the tau gene. Antisense 
oligonucleotide-mediated exclusion of exon 10 has a ohvsiolnai^i offo ^ 

' yZ~"Z — ^cucm idcung tne microtuoule-binding domain 

encoded by exon 10. As a consequence, the microtubule cytoskeleton becomes 
destabilized and cell morphology is altered. Our results demonstrate that 
alternative splicing defects of tau as found in FTDP-17 patients can 
be corrected by application of antisense oligonucleotides. These findings 
provide a tool to study specific tau isoforms in vivo and might lead to a 
novel therapeutic strategy for FTDP-17. 
Record Date Created: 20011112 
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Two genetic defects in alphallb are associated with type I Glanzmann's 
thrombasthenia in a Great Pyrenees dog: a 14-base insertion in exon 13 and 
a splicing defect of intron 13. 

Lipscomb D L; Bourne C; Boudreaux M K 
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Glannzmann's thrombasthenia (GT) is an autosomal recessive bleeding 
disorder caused by qualitative or quantitative deficiencies of the platelet 
membrane glycoprotein alphallbbeta3 . This is the first report of a 
;° lec "^r genetic basis for type I GT in dogs. As previously reported, a 
^™b-a^^Trrc— GT^t— Pyrenees dog (dog No. 1) experienced uncontrolled 
epistaxis despite results of coagulation screening tests, platelet 
quantitation, and von Willebrand factor quantitation that were within 
reference ranges. Platelet aggregation was minimal in response to agonists 
Flow cytometry, autoradiography, and immunoblot experiments demonstrated 
either marked reduction or absence of glycoproteins alphallb and beta3 In 
this study, we report the presence of a 14-basP in S Prtinr, -i r, n 

defective splicing of intron 13 in the alphallb "gene^of" two 

thrombasthenia dogs (Nos. 1 and 8 ). The insertion disrupted the fourth 
alphallb calcium-binding domain, caused a shift in the reading frame and 
resulted m a premature termination codon. Possible consequences of this 
mutation include decreased alphallb mRNA stability and production of 
truncated alphallb protein that lacks the transmembrane and cytoplasmic 
domains and a large portion of the extracellular domain. We identified the 
dam, sire, and three littermates of dog No. 8 as carriers of the alphallb 
mutation. Canine alphallb and beta3 genes share significant homology with 
the genes m human beings, making canine GT an excellent translational 
model for human GT . A defined molecular basis for canine GT will enhance 
ongoing gene therapy research and increase the understanding of 
structure-function relationships of this integrin. 
Record Date Created: 20010228 
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^xeasxuu ur aoerrant splicing in human beta-globin pre-mRNA with 
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Hemoglobin (Hb) E is the most common Hb variant among Southeast Asian 
populations. The mutation in codon 26 (GAG to AAG) of the beta-globin gene 
(beta E) induces alternative splicing , resulting in the production of 
normally and aberrantly spliced beta-globin mRNA. Compound heterozygosity 
for beta-thalassemia and HbE, beta-thalassemia/HbE disease, could lead to a 
severe thalassemia phenotype. Repression of aberrant splicing from the 
beta E mutation could ameliorate the severity in such patients. We showed 
that the aberrant splicing was partially repressed in cells treated 
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site. The maximum effect of the antisense oligoribonucleotide was observed 
at a concentration of 0.4 mumol/L, 36 hours after the treatment 
experiment. We also analyzed the effect of the 
expression of SF2/ASF on aberrant splicing 

E-olohi n rr<=np Partial v-^-^v-^o a „ jt 4_i__" _i , . , . 
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observed in both expression systems. Our results imply that antisense 

oligoribonucleotide treatment and SF2/ASF expression 

therapeutic applications for beta-thalassemia/HbE disease. 
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Exhaustive mutation analysis of the NF1 gene allows identification of 95% 
of mutations and reveals a high frequency of unusual splicing defects 

Messiaen L M; Callens T; Mortier G: Bevsen n.- Varrienh m „^' 0 t. i7=„ ™. 
Speleman F; Paepe A D 
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Neurofibromatosis type 1 ( NF1 ) is one of the most common autosomal 
dominant disorders and is caused by mutations in the NF1 gene. Mutation 
detection is complex due to the large size of the NF1 gene, the presence of 
pseudogenes and the great variety of possible lesions. Although there is no 
evidence for locus heterogeneity in NF1, mutation detection rates rarely 
exceed 50%. We studied 67 unrelated NF1 patients fulfilling the NIH 
diagnostic criteria, 29 familial and 38 sporadic cases, using a cascade of 
complementary techniques. We performed a protein truncation test starting 
from puromycin- treated EBV cell lines and, if no mutation was found, 
continued with heteroduplex, FISH, Southern blot and cytogenetic analysis. 
We identified the aermline mntatinn i r> of f^n »-,a <- ■; ^^+- ^ -^.^ 4-u-. 
mucarions are novel. This is the highest mutation detection rate reported 
in a study of typical NF1 patients. All mutations were studied at the 
genomic and RNA level. The mutational spectrum consisted of 25 nonsense, 12 
frameshift, 19 splice mutations, six missense and/or small in-frame 
deletions, one deletion of the entire NF1 gene, and a translocation 
t (14;17) (q32;qll.2) . Our data suggest that exons lOa-lOc and 37 are 
mutation-rich regions and that together with some recurrent mutations they 
may account for almost 30% of the mutations in classical NF1 patients. We 
found a high frequency of unusual splice mutations outside of the AG/GT 5 
cent and 3 cent splice sites. As some of these mutations form stable 
transcripts, it remains possible that a truncated neurof ibromin is formed. 
Copyright 2000 Wiley-Liss, Inc. 
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Massive idiosyncratic exon skipping corrects the nonsense mutation in 
dystrophic mouse muscle and produces functional revertant fibers by clonal 
expansion. 

Lu Q L; Morris G E; Wilton S D; Ly T; Artem'yeva 0 V; Strona P; PsrtriH^ 
T A J 3 ~ 

Muscle Cell Biology, Medical Research Council Clinical Science Center 
Hammersmith Hospital, London W12 ONN, UK. qi.long-lu@csc.mrc.ac.uk 

Journal of cell biology (UNITED STATES) Mar 6 2000, 148 (5) d985-96 
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Conventionally, nonsense mutations within a gene preclude synthesis of a 
full-length functional protein. Obviation of such a blockage is seen in the 
mdx mouse, where despite a nonsense mutation in exon 23 of the dystrophin 
gene, occasional so-called revertant muscle fibers are seen to contain 
near-normal levels of its protein product. Here, we show that reversion of 
dystrophin expression in mdx mice muscle involves unprecedented'massive 
loss of up to 30 exons. We detected several alternatively processed 
transcripts that could account for some of the revertant dystrophins and 
could not detect genomic deletion from the region commonly skipped in 
revertant dystrophin. This, together with exon skipping in two 
noncontiguous regions, favors aberrant splicing as the mechanism for 
the restoration of dystrophin, but is hard to reconcile with the clonal 
idiosyncrasy of revertant dystrophins. Revertant dystrophins retain 
functional domains and mediate plasmalemmal assembly of the 
dystrophin-associated glycoprotein complex. Physiological function of 
revertant fibers is demonstrated by the clonal growth of revertant clusters 
with age, suggesting that revertant dystrophin could be used as a guide to 
the construction of dystrophin expression vectors for individual gene 
therapy . The dystrophin gene in the mdx mouse provides a favored system 
for study of exon skipping associated with nonsense mutations. 
Record Date Created: 20000425 
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Retroviral transfer of human MDR1 gene to hematopoietic cells: effects of 
drug selection and of transcript splicing on expression of encoded 
P-glycoprotein. 

Licht T; Aran J M; Goldenberg S K; Vieira W D; Gottesman M M; Pastan I 

Laboratory of Molecular Biology, National Cancer Institute, National 
Institutes of Health, Bethesda, MD 20892-4255, USA. 
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Protection of hematopoietic cells of patients undergoing anticancer 
chemotherapy by MDR1 gene transfer is currently being studied in clinical 
trials. From animal studies, it has been suggested that aberrant 
splicing due to cryptic donor and acceptor sites in the MDR1 cDNA could 
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P-glycoprotem m bone marrow. We investigated effects of drug selection on 
protein expression levels and on splicing of MDR1 transcripts in murine 
bone marrow cells (BMCs) in vitro. To this end, retroviruses were generated 
through an identical plasmid, pHaMDRl/A, introduced into different 

pacKagmq ceils. GP + E86- hut nnt pa ^ it-h^v-i „~„,o 
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to express truncated m addition to full-length message. In BMCs transduced 
with GP + E86-derived viruses, both messages were increased after 
treatment with colchicine or daunomycin. Similar results were obtained 
with NIH 3T3 fibroblasts. However, transduced and drug-selected BMCs 
displayed the spliced transcript even if the respective PA317-derived 
producer cells contained no truncated RNA as detected in transduced NIH 3T3 
-^ib^ebia-s^ Short- term drug selection in BMCs transduced with either 
ecotropic or amphotropic retroviruses resulted in a striking increase in 
P-glycoprotein expression. Thus, aberrant splicing failed to abrogate 
P-glycoprotein expression in BMCs. We also studied a vector in which MDR1 
was coexpressed with glucocerebrosidase, using an internal ribosomal entry 
site. Although chemoprotection was less efficient than with pHaMDRl/A, 
augmentation of protein expression was observed at low sel^-M™ ^,,1 
concentrations. Our study shows that drug selection can partially 
compensate for inefficient transduction of hematopoietic cells, and may 
help to develop strategies by which unstable expression of transduced genes 
can be overcome. 

Record Date Created: 19991027 



31/7/9 (Item 9 from file: 155) 

DIALOG (R) File 155 :MEDLINE (R) 

10364772 99362919 PMID: 10432284 

Selective histocompatibility leukocyte antigen ( HLA) -A2 loss caused by 
aberrant pre-mRNA splicing in 624MEL28 melanoma cells. 
Wang Z; Marincola F M; Rivoltini L; Parmiani G; Ferrone S 

Department of Immunology, Roswell Park Cancer Institute, Buffalo, New 
York 14263, USA. 
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Histocompatibility leukocyte antigen (HLA) -A2 is used as a restricting 
element to present several melanoma-associated antigen (MAA) -derived 
peptides to cytotoxic T lymphocytes (CTLs) . HLA-A2 antigen is selectively 
lost in primary melanoma lesions and more frequently in metastases. Only 
scanty information is available about the molecular mechanisms underlying 
this abnormality, in spite of its potentially negative impact on the 
clinical course of the disease and on the outcome of T cell-based 
immunotherapy. Therefore, in this study we have shown that the selective 
HLA-A2 antigen loss in melanoma cells 624MEL28 is caused by a splicing 

defect of HLA-A2 pre-mRNA because of a base substitution at the 5' splice 
donor site of intron 2 of the HLA-A2 gene. As a result, HLA-A2 transcripts 
are spliced to two aberrant forms, one with exon 2 skipping and the 
other with intron 2 retention. The latter is not translated because of an 
early premature stop codon in the retained intron. In contrast, the 
transcript with exon 2 skipping is translated to a truncated HLA-A2 heavy 
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but is not detectable in cells, probably because of the low steady 
level of the corresponding mRNA and the low translation efficiency 
results indicate that a single mutational event in an HLA class I 
_ is sufficient for loss of the corresponding allele. This mav account 
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loss m melanoma cells. Our conclusion emphasizes the need to implement 
active specific immunotherapy with a combination of peptides presented by 
various HLA class I alleles. This strategy may counteract the ability of 
melanoma cells with selective HLA class I allele loss to escape from immune 
recognition . 
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Specific removal of the nonsense mutation from the mdx dystrophin mRNA 
using antisense oligonucleotides. J ^ 
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The mdx mouse, which carries a nonsense mutation in exon 23 of the 
dystrophin gene, has been used as an animal model of Duchenne muscular 
dystrophy to evaluate cell or gene replacement therapies . Despite the mdx 
mutation, which should preclude the synthesis of a functional dystrophin 
protein, rare, naturally occurring dystrophin-positive fibres have been 
observed in mdx muscle tissue. These dystrophin-positive fibres are thought 
to have arisen from an exon-skipping mechanism, either somatic mutations or 

alternative splicing . Increasina the f recrnenrv- ,-.-f +-h = cjo -f -; v-, >- Q c 

U11C1 ajIuuiei unerapeuric approacn to reduce the severity of Duchenne 
muscular dystrophy. Antisense oligonucleotides have been shown to block 

aberrant splicing in the human beta-globin gene. We wished to use a 

similar approach to re-direct normal processing of the dystrophin pre-mRNA 
and induce specific exon skipping. Antisense 2 ' -O-methyl-oligoribonucleotid 
es, directed to the 3' and 5' splice sites of introns 22 and 23, 
respectively in the mdx pre-mRNA, were used to transfect myoblast cultures. 
The 5' antisense oligonucleotide appeared to efficiently displace factors 
normally involved in the removal of intron 23 so that exon 23 was also 
removed during the splicing of the dystrophin pre-mRNA. Approximately 50% 
of the dystrophin gene mRNAs were missing this exon 6 h after transfection 
of primary mdx myotubes, with all transcripts showing skipping of exon 23 
after 24 h. Deletion of exon 23 does not disrupt the reading frame and 
should allow the synthesis of a shorter but presumably functional 
Becker-like dystrophin. Molecular intervention at dystrophin pre-mRNA 
splicing has the potential to reduce the severity of a Duchenne mutation to 
the milder Becker phenotype . 
Record Date Created: 19990825 
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Fluorescent PCR and automated fragment analysis in preimplantation 
genetic diagnosis for 21-hydroxylase deficiency in congenital adrenal 
hyperplasia . 
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Congenital adrenal hyperplasia (CAH) is an autosomal recessive disease 
which is most often caused by a deficiency in steroid 21-hydroxylase. The 
disease is characterized by a range of impaired adrenal Cortisol and 
aldosterone synthesis combined with an increased androgen synthesis. These 
metabolic abnormalities lead to an inability to conserve sodium and 
virilization of females. The most common mutation causing the severe form 
of CAH is a conversion of an A or C at nucleotide (nt) 656 to a G in the 
second intron of the steroid 21-hydroxylase gene (CYP21) causing aberrant 
splicing of mRNA. A couple was referred to our centre for 
preimplantation genetic diagnosis (PGD) for 21-hydroxylase deficiency in 
CAH. A PGD was set up to detect the nt656 A/C-->G mutation using 
fluorescent polymerase chain reaction (PCR) and subsequent restriction 
enzyme digestion and fragment analysis on an automated sequencer. Using DNA 
or single cells from the father, the normal allele could not be amplified. 
Non-amplification of the normal allele has been previously described in 
asymptomatic carriers, therefore the PCR was further developed using 
heterozygous lymphoblasts from the mother. The PCR was shown to be highly 
efficient (96% amplification), accurate (0% contamination) and reliable (0% 

cycle resulted in a twin pregnancy. The genotype of the fetuses was 
determined in our laboratory using chorionic villus sampling material using 
the method described here. Both fetuses were shown to be heterozygous 
carriers of the mutation, and two healthy girls were born. 
Record Date Created: 19990816 
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Up-regulation of luciferase gene expression with antisense 
oligonucleotides: implications and applications in functional assay 
development . 

Kang S H; Cho M J; Kole R 
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HeLa Tet-Off cells were transfected transiently as well as stably with a 
recombinant plasmid (pLuc/705) carrying the lucif erase gene interrupted by 
a mutated human beta-globin intron 2 (IVS2-705) . The mutation in the intron 
causes aberrant splicing of luciferase pre-mRNA, preventing translation 
of luciferase. However, treatment of the cells with a 

2 ' -O-methyl-oligoribonucleotide targeted to the aberrant splice sites 
induces correct splicing , restoring luciferase activity. The effects are 
sequence-specific, depend on the concentration of the oligonucleotide, and 
can be modulated by the pretreatment of the cell line, Luc/705, with 
tetracycline. Thus, the cell line provides, among others, a novel 
functional assay system superior to other procedures that are based on 
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assessing the cellular delivery efficiency of antisense oligonucleotides. 
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variety of human tumor cells. Overexpression of specific isoforms has been 
shown to be associated with metastasis and poor prognosis in breast cancer. 
We evaluated the possible utility of soluble CD44 splice variant v5 
(sCD44v5) as a circulating, tumor-associated marker in breast cancer 
patients. Serum levels of sCD44v5 were determined in 147 healthy 
volunteers, in 53 patients with nonmalignant breast disease, in 85 patients 
with breast cancer at presentation, in 13 patients with recurrence and in 
73 patients with active metastatic disease .. Statistically, the levels at 
presentation in stages I-IV, in benign disease, and in a female control 
group were not significantly different. First longitudinal studies over 1-2 
years in the follow-up of 28 patients who have remained tumor-free showed 
considerable between-patient variation while the intrapatient levels 
remained within relatively narrow limits. In patients with active 
metastatic disease, elevated levels of sCD44v5 (> 58 ng.ml-1) were detected 
in 50% of the cases with marked elevation in only 26%. In these cases, 
sCD44v5 correlated with the extent of metastatic disease and fell during 
clinical response to cytoreductive therapy . In comparison with CA15-3 in 
the patients' follow-up serum levels of sCD44v5 proved to be much less 




sensitive concerning lead time, percentage of raised serum levels at the 
time of recurrence and in metastatic disease. The value of sCD44v5 
determinations in breast cancer patients was further limited by the poor 
diagnostic specificity of this marker due to elevated levels in smokers and 
chronic inflammatory disease. 
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In one form of beta-thalassemia, a genetic blood disorder, a mutation in 
intron 2 of the beta-globin gene (IVS2-654) causes aberrant splicing of 
beta-globin pre-mRNA and, consequently, beta-globin deficiency. Treatment 
of mammalian cells stably expressing the IVS2-654 human beta-globin gene 
with antisense oligonucleotides targeted at the aberrant splice sites 
restored correct splicing in a dose-dependent fashion, generating correct 
human beta-globin mRNA and polypeptide. Both products persisted for up to 
72 hr posttreatment . The oligonucleotides modified splicing by a true 
antisense mechanism without overt unspecific effects on cell growth and 
splicing of other pre-mRNAs . This novel approach in which antisense 
oligonucleotides are used to restore rather than to down-regulate the 
activity of the target gene is applicable to other splicing mutants and is 
of potential clinical interest. 
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Insertional mutagenesis represents an inherent risk in retrovirally 




meciidLed yene therapy , but it may be a usetul experimental strategy for 
identification and isolation of novel cellular loci. In this investigation 
we have established a model system using a heterozygous thymidine kinase 
(tk) marker locus in a human B lymphoblastoid cell line, and a M-MuLV based 
shuttle vector. The frequency of TK- mutants in cells carrying 1-2 
proviruses per genome is approximately 2 x 10 (-5), a 5-fold increase as 
compared to an uninfected control population. Southern analysis of a set of 
13 retrovirus infected TK- mutants revealed a predominance of 
rearrangements among those mutants which had not undergone loss of 
heterozygosity. No consistent relationship was found to exist between the 
occurrence of a rearrangement and tk gene expression as detected by 
northern analysis. The mechanisms of retroviral shuttle vector insertional 
mutagenesis were characterized in more detail by focusing on a single TK- 
mutant, T2 . The single proviral insert in T2 was found to lie within tk 
intron 2, in parallel orientation to the direction of tk transcription. DNA 
sequence analysis of tk cDNA revealed the presence of an aberrantly spliced 
product from which exon 4 is excluded. Aberrant splicing could 

sufficiently account for the low level of functional tk transcript and thus 
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mechanisms cannot be excluded. 
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ABSTRACT: Amyotrophic Lateral Sclerosis (ALS) is a progressive 

neurodegenerative disease characterized by the loss of the large 
motoneurons of the spinal cord, brain stem and cortex. About 20% of 
familial ALS ( FALS which represents 5 to 10% of ALS cases) are linked to 
mutations in the enzyme superoxide-dismutase 1 (SOD-1) . The etiology of 
the disorder is still unknown. Studies of specific genes have shown that 
aberrant RNA splicing occured in neurodegenerative diseases. We 
developped an original technology called DATAS (Differential Analysis of 
Transcripts with Alternative Splicing ) aimed to detect the 
deregulation of RNA splicing process. This technology enabled us to 
identify RNA splicing variants in SOD-1 transgenic mice, a model of ALS. 
We performed DATAS in SOD-1 mice of the age of 30, 60 and 90 days 
resulting in the isolation of spliced fragment of different genes 
involved in many cellular pathways. Among those genes, some are already 
described to participate to apoptosis during neurodegeneration, others 



are involved in the mitochondria function which modifications are one of 
the first event affected in ALS . Splice variants of three genes were 
further characterized by conventional techniques. Results will be 
presented showing an innovative approach to identify new therapeutic 



31/7/17 (Item 2 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2002 BIOSIS. All rts. reserv. 

1 1 1 34 335 RTO SIS NO .: 199799755480 

Expression of HuD (a paraneoplastic encephalomyelitis antigen) mRNA in lung 
cancer . 

AUTHOR: Cho Jeong-Hee (a) ; Noguchi Masayuki 

AUTHOR ADDRESS: (a) Dep. Pathol., Coll. Med., Dankook Univ., 29 Anseo-dong, 

Cheonan, Chungnam 330-714**South Korea 
JOURNAL: Journal of Korean Medical Science 12 (4):p305-310 1997 
ISSN: 1011-8934 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: HuD, one of the Hu antigens (HuD and HuC) , was recognized in the 
sera of small cell lung cancer (SCLC) patients with antibody-associated 
paraneoplastic encephalomyelitis/peripheral sensory neuropathy (PEM/PSN) . 
Three forms of HuD mRNA, 197, 156, 110 nucleotides are made by 
alternative splicing at 868909 residues and an additional 3 '-splice 
site. To determine the diagnostic value of the HuD expression for small 
cell lung cancer, we examined 4 SCLC cell lines, 9 surgically resected 
SCLCs, and 12 surgically resected non-SCLCs using the reverse 
transcriptase-polymerase chain reaction with the HuD-specific primer 
pairs that spanned the putative alternative 3'- splicing site and 
direct DNA sequencing. None of the patients were associated with PEM/PSN. 
A single RNA transcript (156 nucleotides) among three forms (110, 156, 
197 nucleotides) of the HuD gene was an alternatively spliced at 868-909 
residues in SCLC cell lines. Expression of the HuD gene was stronger in 
three classic cell lines, but not in a variant cell line. Two of 9 SCLCs 
(22%) and 3 of 12 non-SCLCs (25%) expressed only the major RNA transcript 

same fashion as the cell line. These results revealed that no aberrant 
alternative splicing occurred in SCLC not associated with PEM/PSN and 
the expression of HuD gene was not specific for a particular histologic 
subtype of human lung cancer. 
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Four patients from 3 Saudi Arabian families had delayed onset of immune 
deficiency due to homozygosity for a novel intronic mutation, g.31701T>A, 
in the last splice acceptor site of the adenosine deaminase (ADA) gene. 
Aberrant splicing mutated the last 4 ADA amino acids and added a 
43-residue "tail" that rendered the protein unstable. Mutant complementary 
DNA (cDNA) expressed in Escherichia coli yielded 1% of the ADA activity 
obtained with wild-type cDNA . The oldest patient, 16 years old at 
diagnosis, had greater residual immune function and less elevated 
erythrocyte deoxyadenosine nucleotides than his 4-year-old affected sister. 
His T cells and Epstein-Barr virus (EBV) B cell line had 75% of normal ADA 
activity and ADA protein of normal size. DNA from these cells and his whole 
blood possessed 2 mutant ADA alleles. Both carried g.31701T>A, but one had 

suppressed aberrant splicing and excised an unusual purine-rich tract 
from the wild-type intron 11/exon 12 junction. During ADA replacement 
therapy , ADA activity in T cells and abundance of the "second-site" 
revertant allele decreased markedly. This finding raises an important issue 
relevant to stem cell gene therapy . (c) 2002 by The American Society of 
Hematology . 
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We analysed genomic DNA and mRNA of the p53 gene in a case of 
myelodysplastic syndrome (MDS) with monosomy of chromosome 17. DNA analysis 
revealed a mutation at the splice donor site. (GT to GC) of intron 5. mRNA 
analysis revealed the presence of abnormal splicing with 4 6 nucleotide 
dele tion in exon 5, producing a downstream f rame shift and a predicted 
-txurruaLed proteiTS-wlTich lacked normal function. The p53 gene mutation at 
the splice donor site contributes to the inactivation of the p53 gene 
function and may play an important role in the pathogenesis, progression 
and therapeutic responsiveness of MDS. 
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The effects of four splicing mutations and one nonsense mutation on 
cystic fibrosis transmembrane conductance regulator ( CFTR ) gene 
expression were investigated by reverse transcription-polymerase chain 
reaction analysis of mRNA extracted from nasal epithelial cells harvested 
from patients harbouring the mutations. We studied four subjects with 
621+3A — >G, two with 2751+2T — >A, one with 296+1G — >C, two with 
1717-9T — >C-D565G and seven with E822X and compared the results with CFTR 
mRNA from normal subjects. Our results showed that mutations 621+3A-->G, 
2751+2T — >A, and 296+1G — >C, which disrupt the 5' splice donor sites of 
introns 4, 14a, and 2, respectively, and 1717-9T-->C-D565G, which possibly 
disrupts the exonic splicing enhancer sequences of exon 12 (owing to the 
missense mutation in cis), lead to the production of aberrantly spliced 
mRNA in nasal epithelial cells . Three of the splicing mutations 
(621+3A — >G, 2751+2T — >A, and 296+1G — >C) result in severe deficiency of 
normal CFTR mRNA and severe phenotype in the patients. This information 
is especially useful for mutation 621+3A — >G, which is found in other 
populations as well, and was initially reported as a polymorphism. The 
complex allele 1717-9T — >C-D565G results in aberrant splicing of CFTR 
mRNA with production of transcripts lacking exon 12 (major product) , with 
minor amounts of transcripts revealing joint exon 11 and 12 skipping. 
Nonsense mutation E822X results in a severe reduction in mRNA levels to 
about 6% of wild type. Patients with the mutation have a severe clinical 
phenotype, with both the pancreatic and the pulmonary function affected. 
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The generation of >30 different HIV-1 mRNAs is achieved by alternative 
splicing of one primary transcript . The removal of the second tat intron 
is regulated by a combination of a suboptimal 3' splice site and cis-acting 
splicing enhancers and silencers . Here we show that hnRNP Al inhibits 
splicing of this intron via a novel heterogeneous nuclear ribonucleoprotein 
( hnRNP ) Al -responsive intron splicing silencer (ISS) that can function 
independently of the previously characterized exon splicing silencer 
(ESS3) . Surprisingly, depletion of hnRNP Al from the nuclear extract 
(NE) enables splicing to proceed in NE that contains 100-fold reduced 
concentrations of U2AF and normal levels of SR proteins, conditions that do 
not support processing of other efficiently spliced pre-mRNAs . 
Reconstituting the extract with recombinant hnRNP Al protein restores 
splicing inhibition at a step subsequent to U2AF binding, mainly at the 
time of U2 snRNP association. hnRNP Al interacts specifically with the 
ISS sequence, which overlaps with one of three alternative branch point 
sequences, pointing to a model where the entry of U2 snRNP is physically 



blocked by hnRNP Al binding. 
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Specific phosphorylation of serine- and arginine-rich pre-mRNA splicing 
.factors ( SR proteins ) is one of the key determinants regulating 

splicing events. Several kinases involved in SR protein phosphorylation 
have been identified and characterized, among which human DNA topoisomerase 
I is known to have DNA-relaxing activity. In this study, we have 
investigated the mechanism of splicing inhibition by a glycosylated 
indolocarbazole derivative (NB-506) , a potent inhibitor of both kinase and 
relaxing activities of topoisomerase I. NB-506 completely inhibits the 
capacity of topoisomerase I to phosphorylate, in vitro, the human splicing 
factor 2/ alternative splicing factor (SF2/ASF) . This inhibition is 

specific, because NB-506 does not demonstrate activity against other 
kinases known to phosphorylate SF2/ASF such as SR protein kinase 1 and 
cdc2 kinase. Importantly, HeLa nuclear extracts competent in splicing but 
not splicing-def icient cytoplasmic S100 extracts treated with the drug 
fail to phosphorylate SF2/ASF and to support splicing of pre-mRNA 
substrates containing SF2/ASF-target sequences. Native gel analysis of 
splicing complexes revealed that the drug affects the formation of the 

place. In the presence of the drug, neither pre-spliceosome nor spliceosome 
is . formed, demonstrating that splicing inhibition occurs at early steps of 
spliceosome assembly. Splicing inhibition can be relieved by adding 
phosphorylated SF2/ASF, showing that extracts treated with NB-506 lack a 
phosphorylating activity required for splicing. Moreover, NB-506 has a 
cytotoxic effect on murine P388 leukemia cells but not on P388CPT5 
camptothecin-resistant cells that carry two point mutations in conserved 
regions of topoisomerase I gene (Gly361Val and Asp709Tyr) . After drug 
treatment , P388 cells accumulated hypophosphorylated forms of SR 
proteins and polyadenylated RNA in the nucleus. In contrast, neither SR 
protein phosphorylation nor polyadenylated mRNA distribution was 
affected in P388 CPT5- treated cells. Consistently, NB506 treatment 
altered the mRNA levels and/or splicing pattern of several tested genes 
(Bcl-X, CD 44, SC35, and Sty) in P388 cells but not in P388 CPT5 cells. The 
study shows for the first time that indolocarbazole drugs targeting 
topoisomerase I can affect gene expression by modulating pre-mRNA 

splicing through inhibition of SR proteins phosphorylation. 
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Depending on the cell lines and cell types, dimethyl sulfoxide (Me2SO) 
can induce or block cell differentiation and apoptosis. Although Me2SO 
treatment alters many levels of gene expression , the molecular 

processes that are directly affected by Me2SO have not been clearly 
identified. Here, we report that Me2SO affects splice site selection on 
model pre-mRNAs incubated in a nuclear extract prepared from HeLa cells. A 
shift toward the proximal pair of splice sites was observed on pre-mRNAs 
carrying competing 5' -splice sites or competing 3' -splice sites. Because 
the activity of recombinant hnRNP Al protein was similar when added to 
extracts containing or lacking Me2SO, the activity of endogenous Al 
proteins is probably not affected by Me2SO. Notably, in a manner 
reminiscent of SR proteins , Me2S0 activated splicing in a HeLa S100 

extract. Moreover, the activity of recombinant SR proteins in splice 
site selection in vitro was improved by Me2SO. Polar solvents like DMF and 
formamide similarly modulated splice site selection in vitro but formamide 
did not activate a HeLa S100 extract. We propose that Me2SO improves ionic 
interactions between splicing factors that contain RS-domains . The direct 
impact of Me2SO on alternative splicing may explain, at least in part, 
the different and sometimes opposite effects of Me2SO on cell 
differentiation and apoptosis. 
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Although the alternative splicing of various genes is a common 

phenomenon in tumorigenesis, little is known about the mechanism behind it. 
Recently, we found altered expression of splicing regulatory factors during 



two-step chemical transformation in vitro. However, it remains unknown 
whether such altered expression of splicing factors commonly occur during 
other modes of transformation. We have further investigated the expression 
of five splicing regulatory factors, heterogeneous nuclear 
ribonucieoprotein ( hnRNP ) Ai and A2, alternative splicing factor/ 
splicing factor 2 (ASF/SF2), spliceosome component of 35-kDa protein 
(SC35) and 65-kDa subunit of U2 snRNP auxiliary factor (U2AF65), using two 
series of clonally-derived mouse fibroblast cell lines, that were SV40 
large T transf ectants (SV-T2 and NIH3T3/13C7) or c-erbB2 transfectants 
(A4). U2AF65 expression was increased (2.1- and 2.7-fold) in NIH3T3/13C7 
and A4 compared with the normal parental cells, respectively, and SC35 
-expr essio n — wa-s — increas e d 1 . 8 — to 2.3-fold in all Lr diisformed cells. These 
results suggest that altered expression of some splicing regulatory factors 
may commonly occur during various modes of cellular transformation. 
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Alternative splicing of human cystic fibrosis transmembrane conductance 
regulator ( CFTR ) exon 9 is regulated by a combination of cis-acting 
elements distributed through the exon and both flanking introns (IVS8 and 
IVS9) . Several studies have identified in the IVS8 intron 3' splice site a 
regulatory element that is composed of a polymorphic (TG)m(T)n repeated 
sequence. At present, no cellular factors have been identified that 
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previously described to bind RNA, as the factor binding specifically to the 
( TG ) m sequence. Transient TDP-43 overexpression in Hep3B cells results in 
an increase in exon 9 skipping. This effect is more pronounced with 
concomitant overexpression of SR proteins. Antisense inhibition of 
endogenous TDP-43 expression results in increased inclusion of exon 9, 
providing a new therapeutic target to correct aberrant splicing of exon 
9 in CF patients. The clinical and biological relevance of this finding in 
vivo is demonstrated by our characterization of a CF patient carrying a 
TG10T9 (DeltaF508) /TG13T3 (wt) genotype leading to a disease-causing high 
proportion of exon 9 skipping. 
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Cystic fibrosis is caused by mutations in the cystic fibrosis 
transmembrane regulator ( CFTR ) gene. The 5T allele in intron 8 (IVS8) 
causes abnormal splicing in the CFTR gene, and is associated with 

lung disease when it occurs in cis with a missense mutation in the CFTR 
gene, R117H. However, the 5T variant alone has not been reported to cause 
lung disease. We describe two adult female patients with CF-like lung 
disease associated with the 5T allele. One patient's genotype is 
5T-TG12-M470V/5T-TG12-M470V, and the other is DeltaF508 /5T-TG12-M4 70V; full 
sequencing of the CFTR gene revealed no other mutation on the same allele 
as the 5T variant. The levels of full-length CFTR mRNA in respiratory 
epithelia were very low in these patients (11 and 6%, respectively, of 
total CFTR mRNA expression) . Both patients had defective CFTR -mediated 
chloride conductance in the sweat ductal and/or acinar epithelia (sweat 
chloride, mmol/L, mean +/- SEM: 40.0 +/- 5.0 [n = 8 samples] and 80. 0 +/- 
3.5 [n = 6 samples]) and airway epithelia (mV, mean +/- SEM CFTR -mediated 
Cl(-) conductance of 1.2 +/- 2.2 [n = 5 studies] and -6.75 +/- 8.1 [n = 4 
studies]). These data suggest that the 5T polythymidine tract sequence on 
specific haplotype backgrounds (TG12 and M470V) may cause a low level of 
full-length functional CFTR protein and CF-like lung disease. 
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Alternative splicing of exon 7B in the hnRNP Al pre-mRNA produces 
mRNAs encoding two proteins: hnRNP Al and the less abundant A1B. We 
have reported the identification of several intron elements that contribute 
to exon 7B skipping. In this study, we report the activity of a novel 
element, conserved element 9 (CE9) , located in the intron downstream of 
exon 7B. We show that multiple copies of CE9 inhibit exon 7B-exon 8 
splicing in vitro. When CE9 is inserted between two competing 3' splice 
sites, a single copy of CE9 decreases splicing to the distal 3' splice 



site. Our in vivo results also support the conclusion that CE9 is a 
splicing modulator. First, inserting multiple copies of CE9 into an Al 
minigene compromises the production of fully spliced products. Second, one 
copy of CE9 stimulates the inclusion of a short internal exon in a 
derivative of the human beta-globin gene, In this case,- in vitro splicing 
assays suggest that CE9 decreases splicing of intron 1, an event that 
improves splicing of intron 2 and decreases skipping of the short internal 
exon. The ability of CE9 to act on heterologous substrates, combined with 
the results of a competition assay, suggest that the activity of CE9 is 
mediated by a trans-acting factor. Our results indicate that CE9 represses 
the use of the common 3' splice site in the hnRNP Al alternative 

— splicin g — unit . 
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Variable levels of aberrantly spliced cystic fibrosis transmembrane 
conductance regulator (CFTR ) transcripts were suggested to correlate with 
variable cystic fibrosis (CF) severity. We studied the effect of the 

cellular splicing factors, hnRNP Al and ASF/SF2, and their adenoviral 
analogues, E4-ORF6 and E4-ORF3, that promote exon skipping and/or exon 
inclusion, on the splicing pattern of the CFTR mutation 3849+10kb C — >T and 
the 5T allele. These mutations can lead to cryptic exon inclusion and exon 
skipping, respectively. Overexpression of the cellular factors promoted 
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(p5T or p3849M) . This led to a substantial decrease in the level of 
correctly spliced mRNA transcribed from p5T and generated correctly spliced 
mRNA transcribed from p384 9M that was not found without overexpression of 
the factors . The viral factor , E4 -ORF3, promoted exon inclusion and 
led to a substantial increase of the correctly spliced mRNA transcribed 
from the p5T. The factor, E4-ORF6, activated exon skipping and generated 
correctly spliced mRNA transcribed from p3849M. Thus, overexpression of 
alternative splicing factors can modulate the splicing pattern of CFTR 
alleles carrying splicing mutations. These results are important for 
understanding the mechanism underlying phenotypic variability in CF and 
other genetic diseases. 
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Many of the human myometrial proteins associated with uterine quiescence 
and the switch to coordinated contractions at the onset of labor exist as 
alternatively spliced isof orms . There is now extensive evidence to indicate 
that ^the nuclear concentrations of the trans-acting splicing regulators 
bi-2/ASF and hnRNP Al /A1B are fundamental in regulating the expression 
of specific protein isoforms derived from alternative splicing of 
single precursor messenger ribonucleic acid transcripts. The question thus 
arose as to whether these factors were also involved in regulating the 
expression of specific myometrial protein species within different uterine 
regions during human gestation and parturition. SF2/ASF and hnRNP Al 
/A1B expression was therefore determined in paired upper (corpus) and lower 
segment myometrial samples taken from individual women at term/during 
spontaneous labor and compared with nonpregnant control samples using 
specific monoclonal antibodies. We report that SF2/ASF levels were 
substantially increased in the lower uterine region, and this was 
associated with a parallel decrease in levels of hnRNP Al /A1B during 
gestation. Conversely, the opposite pattern was observed within the upper 
uterine region during pregnancy, where hnRNP Al /A1B was significantly 
up-regulated and SF2/ASF levels were much less than those found in the 
lower uterine segment. The differential expression of hnRNP Al /A1B and 
SF2/ASF in the upper and lower uterine segments may have a primary role in 
defining the formation of specific myometrial protein species associated 
with the known contractile and relaxatory properties of these regions 
bef o re and during parturition. 
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Individual members of the serine-arginine (SR) and heterogeneous nuclear 
ribonucleoprotein (hnRNP) A/B families of proteins have antagonistic 
effects m regulating alternative splicing . Although hnRNP Al 

accumulates predominantly in the nucleus, it shuttles continuously hpfwppn 
the nucleus and the cytoplasm. Some but not all SR proteins also undergo 
nucleo-cytoplasmic shuttling, which is affected by phosphorylation of their 
serine/arginine (RS)-rich domain. The signaling mechanisms that control the 
subcellular localization of these proteins are unknown. We show that 
exposure of NIH-3T3 and SV-40 transformed green monkey kidney (COS) cells 
to stress stimuli such as osmotic shock or UVC irradiation, but not to 
jTLLtogenic — ac t i vator s — such^as-^gPGg-es^-EGF- , r e sults in a -nta rked cy L o p^irrrc- 



accumulation of hnRNP Al , concomitant with an increase in its 

phosphorylation. These effects are mediated by the MKK(3/6)-p38 pathway, 
and moreover, p38 activation is necessary and sufficient for the induction 
of hnRNP Al cytoplasmic accumulation. The stress-induced increase in 

the cytoplasmic levels of hnRNP A/B proteins and the concomitant decrease 
in ^ their nuclear abundance are paralleled by changes in the alternative 

splicing pattern ot an adenovirus E1A pre-mRNA splicing reporter. These 
results suggest the intriguing possibility that signaling mechanisms 
regulate pre-mRNA splicing in vivo by influencing the subcellular 
distribution of splicing factors. 
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The CFTR splicing mutation 3849 + 10 kb C — > T creates a novel donor 
site 10 kilobases (kb) into intron 19 of the gene and is one of the more 
common splicing mutations that causes cystic fibrosis (CF) . It has an 
elevated prevalence among patients with atypically mild disease and normal 
sweat electrolytes and is especially prominent in Ashkenazi Jews. This 
class of splicing mutations, reported in several genes, involves novel 
splice sites activated deep within introns while leaving wild-type splice 
elements intact. CFTR cDNA constructs that modeled the 3849 + 10 kb C — > 
T mutation were expressed in 3T3 mouse fibroblasts and in CFT1 human 
tracheal and C127 mouse mammary epithelial cells. In all three cell types, 
aberrant splicing of CFTR pre-mRNA was comparable to that reported in 
vivo in CF patients. Treatment of the cells with 2 ' -O-methyl 
phosphorothioate oligoribonucleotides antisense toward the aberrant donor 
and acceptor splice sites or to the retained exon-like sequence, 
disfavored aberrant splicing and enhanced normal processing of CFTR 

pre-mRNA. This antisense-mediated correction of splicing was dose- and 
sequence-dependent and was accompanied by increased production of CFTR 



protein that was appropriately glycosylated. Antisense-mediated correction 
of splicing m a mutation-specific context represents a potential gene 
therapy modality with applicability to many inherited disorders 
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Using a mouse model of mammary gland development and tumorigenesis we 
examined changes in both alternative splicing and splicing factors in 
multiple stages of mammary cancer. The emphasis was on the SR family of 
splicing factors known to influence alternative splicing in a wide 
variety of genes, and on alternative splicing of the pre-mRNA encoding 
CD4 4, for which alternative splicing has been implicated as important 
m a number of human cancers, including breast cancer. We observed 
step-wise increases in expression of individual SR proteins and 

alternative splicing of CD44 mRNA during mammary gland tumorigenesis. 

Individual preneoplasias differed as to their expression patterns for SR 

proteins , often expressing only a sub-set of the family. In contrast, 
tumors demonstrated a complex pattern of SR expression. Little difference 
was observed between neoplasias and their metastases. Alternative 

splicing of CD44 also changed through the disease paradigm such that 
tumors produced RNA containing a mixture of variable exons, whereas 
preneoplasias exhibited a more restricted exon inclusion pattern. In 
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concentration or splicing pattern in the same cells. These data suggest 
alterations in relative concentrations of specific splicing factors during 
early preneoplasia that become more pronounced during tumor formation. 
Given the ability of SR proteins to affect alternative processing 

decisions, our results suggest that a number of pre-mRNAs may undergo 
changes in alternative splicing during the early and intermediate 

stages of mammary cancer. 
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Retinoic acid-induced differentiation of the pre-osteoblastic cell line, 
UMR 201, is associated with a marked increase in the proficiency of 
posttranscriptional nuclear processing of alkaline phosphatase mRNA. In 
this study we attempted to correlate the posttranscriptional actions of 
retinoic acid with changes in phosphorylation, or abundance of spliceosome 
components, or both. Treatment with retinoic acid for periods of < or = 4 
h resulted in dephosphorylation of nuclear Ul 70K protein without affecting 
its abundance. Peptide mapping showed that Ul 70K dephosphorylation was 
related to the disappearance of one specific phosphopeptide out of four 
major Ul 70K phosphopeptides . A twofold decrease in mRNA expression of an 
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observed over the same period. Tumor necrosis factor-alpha, which enhances 
the posttranscriptional action of retinoic acid, reduced Ul 70K mRNA 
expression, while an inhibition of retinoic acid action by transforming 
growth factor-beta was associated with a marked increase in Ul 70K mRNA 
levels. Our results draw attention to the complex interactions between 
short- and long-term alterations in the abundance and functional status of 
Ul 70K, as well as SR proteins by growth and/or differentiation factors 
in the regulation of spliceosome formation and function. 
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A cellular protein, previously described as p55, binds specifically to 
the plus strand of the mouse hepatitis virus (MHV) leader RNA. We have 
purified this protein and determined by partial peptide sequencing that it 
is polypyrimidine tract-binding protein (PTB) (also known as heterogeneous 
nuclear ribonucleoprotein [hnRNP] I), a nuclear protein which shuttles 
between the nucleus and cytoplasm. PTB plays a role in the regulation of 
alternative splicing of pre-mRNAs in normal cells and translation of 

several viruses. By UV cross-linking and immunoprecipitation studies using 
cellular extracts and a recombinant PTB, we have established that PTB binds 
to the MHV plus-strand leader RNA specifically. Deletion analyses of the 
leader RNA mapped the PTB-binding site to the UCUAA pentanucleotide 




lepedLs. uaiiiy a defective-interfering RNA reporter system, we nave further 
shown that the PTB-binding site in the leader RNA is critical for MHV RNA 
synthesis. This and our previous study (H.-P. Li, X. Zhang, R. Duncan, L. 
Comai, and M. M . C. Lai, Proc . Natl. Acad. Sci. USA 94:9544-9549, 1997) 
combined thus show that two cellular hnRNPs, PTB and hnRNP Al , bind to 
the transcription-regulatory sequences of MHV RNA and may participate in 
its transcription. 
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The SR proteins are essential metazoan pre-mRNA splicing factors that can 
also influence the selection of alternative 5' splice sites in a 
concentration-dependent manner. Their activity in alternative splicing 
in vitro is antagonized by members of the hnRNP A/B family of proteins. The 
opposite effects of members of these two families of antagonistic splicing 
factors in vitro and upon overexpression in vivo suggest that changes in 
their relative levels may be a natural mechanism for the regulation of 
alternative splicing in vivo. One prediction of this model is that the 
ratios of these antagonists should vary in different cell types and in 
other situations in which cellular or viral transcripts are differentially 
spliced. We raised monoclonal antibodies specific for SF2/ASF and used them 
to measure the abundance of SF2/ASF protein and its isoforms, its 
phosphorylation state in vivo and during splicing in vitro, and its 
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exclusively in a highly phosphorylated state in vivo in all cell types 
examined, and unphosphorylated protein was not detectable. Unphosphorylated 
recombinant SF2/ASF becomes rapidly phosphorylated under splicing 
conditions in HeLa cell extracts and associates stably with one or more 
exons of beta-globin pre-mRNA. This interaction appears to persist through 
the splicing reaction and SF2/ASF remains bound to spliced mRNA. We 
compared the distribution of SF2/ASF to that of its antagonist, hnRNP Al 
, in different rat tissues and in immortal and transformed cell lines. We 
found that the protein levels of these antagonistic splicing factors vary 
naturally over a very wide range, supporting the notion that changes in the 
ratio of these proteins can affect alternative splicing of a variety of 
pre-mRNAs in vivo. 

Record Date Created: 19980630 



28/7/17 (Item 17 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 



09512730 97420717 PM ID: 9275159 

tl^r^r^^l'?,. A1 bi " ds to the 
Li » P; Zhang X; Duncan R; ^ ^ Lai ?T " RNA - 

S^TcTntlLTltZll ™ '"^ 0niverslty of 

Journal Code: 7505876 (18) P 9544 "^ ISSN 0027-8424 

Contract/Grant No.: 19244; PHS 
Document type: Journal Article 
Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

complementary ^T-s^l^^r^^^^^ 5 ^ " ^ binds to the 
mouse hepatitis virus (MHV) rna\ The extent ^ <IG) 8e ^ enoe of 

to IG sites correlates with the efficiency ° f th - P-tein 

transcription from that IG sitP c„™ f V 0± the subgenomic mRNA 
transcription fac>n. 1 L.? 1 ' 6 ' .suggesting that it is areauisit* 

Partial " peptide"" ' sequencing ^at^V^s ^ determi ' ned ^ 

nbonucleoprotein ( hnRNP ) A] *n I t heterogeneous nuclear 

hnRNP A1 shuttl < 3 £ ^^Lufanrc't^r^ 1 ^ Pr ° tein ' 

the regulation of alternative RNA Li ■ Cyt ° plasm and P^ys a role in 
and IG sequences confer the conLsus bind ' ' Th \ M f <"> "^and leader 

Recombinant hnRNP Al b I binding motifs of hnRNP Al . 

sequence-specific manner During MHV infec, T rSgi ° nS in Vitr ° in a 
from the nucleus to the cvtlSLr, \ ' hnRNP M "localizes 

data suggest that hnRNP ^ * V l*™™" 1 ^^ation occurs. These 
RNA-dependent RNA transcription of the virus ^ re ? ulat ^ the 

Record Date Created: 19971001 



28/7/18 (item 18 from file: 155) 

DIALOG (R) File 155 :MEDLINE (R) 

09348499 97240387 PMID: 9085847 

A highly stable duplex structure sequesters fho r, 
hnRNP Al alternative exon 7B. SeqUesters the 5 splice site region of 
Blanchftttp m ; i-hr,v>~-t- o 

uepartment de Microbioloai e e>t- Tnf ■ n 
Universite de Sherbrooke QuKc, Canada giS ' de Me ^ine, 

RNA (New York, N.Y.) (UNITED STATRqi n -, on-, 
1355-8382 Journal Code: 9509184 ^ ' 3 (4) P 4 °5-19, ISSN 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

site selection. Lquencing the t P ".eir ability to modulate 5' splice 
the existence of several reoions of T d ° Wnstream of exon 7B revealed 
intron. I n vi t ro scllci™ similarity to the corresponding human 

decreases spring t p^-^ th ?J an 84 -t region ^CESIO) 

the 5' splice sites of exon 7 aid 7 n r ? Slte " 3 P re "™ carrying 

exon 7B skipping in pre-'mRNAs e e e/"^ mini^ 10 Pr ° m ° teS 
hnRNP Al alternative spli ni 5 ^ ^ cont aining the 

splicing unit. Using oligonucleotide-targeted 



RNase H clesvaap piqcauc n^ n „i 4- . , . . _ 

-< - j~r • ■- j-^^.^.^^, ou^uil lui uie exisxence or highly 

stable base pairing interactions between CE6IO and the 5' splice site 
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A conserved region of unknown function participates in the recognition of 
E2F family members by the adenovirus E4 ORF 6/7 protein. 
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E2F DNA-binding activity in vivo is due to heterodimer formation between 
members of the E2F and DP transcription factor families. The ability of 
these heterodimers to serve as transcriptional regulators is modulated by 
complex formation with additional proteins such as the products of the 
retinoblastoma gene and the adenovirus E4 ORF 6/7. Each of the E2F family 
members cloned to date contains a highly conserved region of unknown 
function, termed the marked box, which lies between their DNA binding and 
transactivation domains. Mutational analysis showed that the marked box 
contributed to the recognition of E2F family members by the E4 ORF 6/7 
protein in vitro and in vivo. 
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Transcription from adenovirus E2-early promoter is controlled by a unique 
array of four cis-acting elements which include an atypical TBP site, two 
E2F sites present in an inverted orientation relative to each other, and an 
ATF site. In virus-infected cells, this promoter is transactivated by E1A 



u^e o/ , proueins. m auuition, it is also stimulated by the 

DNA-binding protein (DBP) in transient transfection assays. Here we 
describe a genetic analysis of the E2 transcriptional regulation in the 
context of the viral chromosome. By using genetically engineered mutant 
adenoviruses we have determined the interrelationship between the different 
w^^^ wj_ Liic iji-caiiy piumuLer uurmg Dasai transcription, 

the extent to which E1A and E4 6/7 contribute to the E2 promoter activation 
and the E2 promoter elements that respond to these transactivators . We show 
that at eight hours following infection, E1A can transactivate the promoter 
about 21-fold whereas E4 6/7 can induce the promoter by only fivefold. DBP 
does not induce the promoter in the chromosomal context. Our mutational 
analysis suggests that the unique architecture of the E2-early promoter 
necessitates the concerted interaction of all three host transcription 
factors with their cognate recognition elements to form a stable and 
functional transcription complex. E1A mediated transactivation is dependent 
on this stable basal transcription complex and transactivation may involve 
simultaneous interaction of E1A with each of the three transcription 
factors present in the multicomponent basal transcription complex. The E4 
6/7 protein can transactivate the E2-early promoter in the absence of ATF 
presumably by promoting the DNA binding capacity of transcription factor 
E2F and thereby stabilizing the basal transcription complex. We discuss 
some of the possible protein-protein interactions that may take place at 
the level of the multicomponent transcriptional complex at the E2-early 
promoter during transcriptional activation and the discrepancies that arise 
when a promoter is analyzed in infection versus transfection assays. 
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HnRNP proteins are abundant nucleoplasmic pre-mRNA-binding proteins which 
have important roles in the biogenesis of mRNA. Although hnRNP proteins 
have been extensively characterized in cultured cell lines, little is known 
about their expression in animal tissues. Here, we have undertaken a 
systematic survey of the expression of major hnRNP proteins in mouse tissue 
using specific monoclonal antibodies. Immunohistochemical staining 
demonstrated that hnRNP proteins C, L, and U were localized to nuclei in 
all tissues examined. However, cytoplasmic expression of hnRNP Al , D, 
F/H, and K was also detected in several tissues, suggesting that these 
proteins have roles in the cytoplasm as well as the nucleus. Importantly, 
the relative amounts of different hnRNP proteins varied among cell types. 
This was especially striking in neuronal and reproductive cells. In the 
brain, certain neuronal cell types contained more hnRNP proteins than glial 
cells, perhaps reflecting increased levels of neuronal transcription and 
RNA processing. In the ovary, oocytes contained exceptionally high 




concentrations or nnKNP proteins as compared to follicular and stromal 
cells. In the testis, the expression of hnRNP proteins was generally 
high and was found to be tightly regulated during spermatogenesis. 
Specifically, hnRNP Al was highly expressed only in early spermatogonia 
and absent in later stages. These findings demonstrate that hnRNP proteins 
do not exist in a fixed stoichiometry across different ceil types. 
Furthermore, as the relative amounts of pre-mRNA-binding proteins (e.g., Al 
and ASF/SF2) can affect alternative splicing patterns, the variations 
that we have observed could profoundly affect cell -specif ic gene 
expression . 
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Transcript analysis of CFTR nonsense mutations in lymphocytes and nasal 
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The mutational effects at the mRNA level were investigated by RT-PCR 
analysis of nine different nonsense mutations (Q39X, E60X, R75X, G542X, 
L719X, Y1092X, R1162X, S1196X, W1282X) and one frameshift mutation 
(1078delT) within the CFTR gene. With the exception of mutation R1162X, 
reduced mRNA levels ranging from 30% to less than 5% of the wild type have 
been observed. In case of the R75X and E60X mutations, the mRNA reduction 
was accompanied by the appearance of atypical CFTR isoforms. Single exon 
3 skipping, as well as joint exon 2 and 3 skipping, was observed in 
lymphocyte and nasal epithelial mRNA derived from R75X alleles. The 
analysis of mRNA transcribed from E60X alleles revealed skipping of exon 3 

(nasal epithelial cells). With the exception of the E60X mutation, no 
obvious tissue-specific differences in the splicing pattern and ratios of 
mutation to wild-type transcripts were detected between lymphocytes and 
nasal epithelial cells. In addition to aberrant splicing , the reduction 
of transcripts is the most common effect of nonsense and frameshift 
mutations within the CFTR gene. 
Record Date Created: 19950810 



28/7/23 (Item 23 from file: 155) 

DIALOG (R) File 155: MEDLINE ( R) 

08289546 95047327 PMID: 7958851 

Regulation of tissue-specific P-element pre-mRNA splicing requires the 
RNA-binding protein PSI . 
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Binding of a multiprotein complex to a 5' exon inhibitory element appears 
to repress splicing of the Drosophila P-element third intron (IVS3) in the 
soma. We have purified 97- and 50-kD proteins that interact specifically 
with the inhibitory element using RNA affinity chromatography. Antibodies 
specific for the 97-kD protein relieve inhibition of IVS3 splicing in 
somatic extracts, providing direct evidence that inhibition requires this 
protein, P-element somatic inhibitor (PSI) . We identify the 50-kD protein 
as hrp48, a protein similar to the mammalian splicing factor hnRNP Al , 
and show that hrp48 recognizes specific nucleotides in a pseudo-5' splice 
site within the inhibitory element. The results indicate that PSI is an 
alternative splicing factor that regulates tissue-specific splicing, 

probably through interactions with generally 
hrp4 8 . 
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Long-term survival of the exon 10 insertional cystic fibrosis mutant 
mouse is a consequence of low level residual wild-type Cftr gene 
expression . 
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Recently we have created a mouse model of cystic fibrosis (CF) by 
insertional gene targeting to exon 10. In common with CF subjects, this 
model displays a low incidence of meconium ileus. This contrasts strikingly 
with the very high level of fatal intestinal obstruction in the three other 
CF mouse models so far described. We investigate here the molecular basis 
of this difference in phenotype. We show that the partial duplication 
consequent upon insertional gene targeting allows exon skipping and 
aberrant splicing to produce normal Cftr mRNA, but at levels greatly 
reduced compared with wild-type mice. Furthermore, instead of the predicted 
mutant Cftr transcript, a novel mRNA is produced that utilizes cryptic 
splice sites in the disrupting plasmid sequence. However, we have 
previously shown that these mice display the ion transport defect 
characteristic of CF, and mutant animals can be distinguished from their 
normal littermates on this basis. Consistent with this, residual CFTR 
function has recently been observed for several "mild" mutations in CF 
individuals who display pancreatic sufficiency but still develop lung 
disease. We conclude that (i) residual wild-type mRNA in the exon 10 



.^^oc ai ucj.xuj.aues LJie severity ol the intestinal 
phenotype observed in the absolute "null" CF mice, (ii) the presence of 
low-level residual wild-type Cftr mRNA does not correct the CF ion 
transport defect, and (iii) the long-term survival of this insertional 
mutant mouse provides the opportunity to address the factors imoor^nt in 
development of lun" disease. 
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The opposing effects 
ribonucleoprotein ( hnRNP 
vitro. SF2/ASF or hnRNP 
overexpressed in HeLa cells 



in vivo by overexpression of 
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SF2/ASF and heterogeneous nuclear 
influence alternative splicing in 
complementary DNAs were transiently 
and the effect on alternative splicing of 
several cotransf ected reporter genes was measured. Increased expression 
of SF2/ASF activated proximal 5' splice sites, promoted inclusion of a 
neuron-specific exon, and prevented abnormal exon skipping. Increased 
expression of hnRNP Al activated distal 5' splice sites. Therefore, 

variations in the intracellular levels of antagonistic splicing factors 
influence different modes of alternative splicing in vivo and may be a 
natural mechanism for tissue-specific or developmental regulation of gene 
expression . 
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To determine cystic fibrosis (CF) defects in a sample of 224 non-delta 
F508 CF chromosomes, we used denaturing gradient gel multiplex analysis of 
CF^ transmembrane conductance regulator gene segments, a strategy based on 
blind exhaustive analysis rather than a search for known mutations. This 



j^^^oo c^wweu ub to qblkcl x j. novex variations comprising two nonsense 
mutations (Q890X and W1204X) , a splice defect (405 + 4 A~>G) , a 

frameshift (3293delA) , four presumed missense mutations (S912L, H949Y, 
L1065P, Q1071P) , and three sequence polymorphisms (R31C or 223 C/T, 3471 
T/C, and T1220I or 3791 C/T). We describe these variations, together with 
the associated phenotype when defects on both CF chromosomes were 
identified . 
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Adenovirus infection leads to ElA-dependent activation of the 
transcription factor E2F. E2F has recently been identified in complexes 
with cellular proteins such as the retinoblastoma protein (pRB) and the two 
pRB family members pl07 and pl30. E1A dissociates E2F from these cellular 
proteins, and another viral protein, E4 (ORF6/7), can bind to E2F. The 
binding of E4 to E2F induces the formation of a stable DNA-binding complex 
containing the two proteins, and stimulation of the adenovirus E2 early 
promoter can occur. Recent studies have shown that E2F is the combined 
activity of several proteins, and we demonstrate here that 
heterodimerization of two of these proteins, E2F-1 and DP-1, is required 
for stable binding to E4 . This complex is formed independently of DNA 
binding and requires the C-terminal 20 amino acids of E4 . Furthermore, the 
binding is dependent on a region of E2F-1 between amino acids 284 and 358. 
This region of E2F-1 is conserved in E2F-2 and E2F-3, and deletion of this 
reai on rtr^sl-i rai 1 v -,-oHn. -■<=<=: -M-.o t- >■= r. cr--r i r*+- -, i ^«n..i4-.. 4-v-„ 

without affecting DP-1 binding, suggesting that this region of the E2F 
transcription factors is involved in regulating their activity. Our 
experiments also demonstrate that pRB binding to the E2F-1/DP-1 heterodimer 
prevents the formation of an E2F-1/DP-1/E4 complex. 
Record Date Created: 19940815 



28/7/28 (Item 28 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

08006091 94136568 PMID: 7508188 

CFTR and calcium-activated chloride currents in pancreatic duct cells 
of a transgenic CF mouse. 
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We have studied the cystic fibrosis transmembrane conductance regulator ( 
CFTR ) and calcium-activated chloride currents in pancreatic duct ceils 
isolated from a transgenic cf/cf mouse created by targeted insertional 
mutagenesis. Adenosine 3 ',5 '-cyclic monophosphate (cAMP) -activated CFTR 
chloride currents were detected in 78% (29/37) of wild-type cells, in 81% 
(35/43) of heterozygote cells, and in 61% (29/47) of homozygous cf/cf duct 
cells (P > 0.05, cf/cf vs. wild-type and heterozygote). The CFTR current 
densi ty measured at membrane potentials of +/- 60 mV averaged 22-26 pA/pF 
Th wild- type and heterozygote groups but only 13 pA/pF in cells derived 
from cf/cf animals (P < 0.05, cf/cf vs. wild-type and cf/cf vs. 
heterozygotes) . In contrast, duct cells from animals of all three genotypic 
groups exhibited calcium-activated chloride currents that were of similar 
magnitude and up to 11-fold larger than the CFTR currents. We speculate 
that these transgenic insertional null mice do not develop the pancreatic 
pathology that occurs in cystic fibrosis patients because their duct cells 
contain 1) some wild-type CFTR generated by exon skipping and aberrant 

splicing and 2) a separate anion secretory pathway mediated by 
calcium-activated chloride channels. 
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In the human CFTR only the rare exon 4- splice variant is conserved in 
mice. We have discovered two novel murine variants, exon 5- and exon llb+. 
The exon 5- variant represents up to 40% of mRNA in all CFTR -expressing 
tissues and leaves the reading frame intact. The exon llb+ variant inserts 
a novel exon between exons 11 and 12 with expression restricted to the 
testis. Two variants of lib have been found and both introduce premature 
stop codons . When we expressed human CFTR variants lacking either exon 5 
or exon 9 in HeLa cells, they failed to generate cAMP-mediated chloride 
transport, due to defective intracellular processing. The lack of 
conservation of splice variants between species and the inability of the 
more abundant splice variants to generate protein that is correctly 
processed argue against a physiological role and may simply represent 
aberrant splicing that is tolerated by the cell and organism. 
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Three different putative splicing mutations in the CFTR gene have been 
studied by analysing mRNA extracted from nasal epithelial cells harvested 
from patients with cystic fibrosis. Six patients were analysed, all of whom 
had classical symptoms of cystic fibrosis (CF) . Two patients carried the 

521 + 1G — >T mutation, 3 patients carried the 1717 - 1G >A mutation and 1 

patient carried the 1898 + 1G — >A mutation. All patients carried the delta 
F508 mutation on the other chromosome. Ten non-CF control subjects were 
also studied. The 621 + 1G-->T mutation resulted in activation of an 
alternative splice site within exon 4 in one patient and activation of this 
site or skipping of exon 4 in the other patient. The 1717 - 1G — >A mutation 
resulted in skipping of exon 11 in all 3 patients studied and the 18 98 + 
1G-->T mutation resulted in skipping of exon 12. These experiments 
demonstrate that these mutations do result in aberrant splicing of 
CFTR mRNA as predicted from the changes in genomic sequence. 
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The spectrum of cystic fibrosis (CF) mutations was determined in 105 
patients by using denaturing gradient gel electrophoresis to screen the 
entire coding regions and adjacent cystic fibrosis transmembrane 
conductance regulator ( CFTR ) gene sequences. The nucleotide substitutions 
detected included 16 novel mutations, 11 previously described defects, and 
11 nucleotide sequence polymorphisms. Among the novel mutations, 6 were of 
the missense type, 4 were nonsense mutations, 4 were frameshift defects , 
and 2 affected mRNA splicing . The mutations involved all the CFTR 
domains, including the R domain. Of the 61 non-delta F508 CF chromosomes 




studied, mutations were found on 36 (59%), raising the proportion of CF 
alleles characterized in our patient cohort to 88%. Given the efficacy of 
the screening method used, the remaining uncharacterized mutations probably 
lie in DNA sequences outside the regions studied, e.g., upstream-promoter 
sequences, the large introns, or putative regulatory regions. Our results 
further document the highly heterogeneous nature of CF mutations and 
provide the information required for DNA-based genetic testing. 
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When messenger RNA precursors (pre-mRNAs) containing alternative 5' 
splice sites are spliced in vitro, the relative concentrations of the 
heterogeneous ribonucleoprotein ( hnRNP ) Al and the essential splicing 
factor SF2 precisely determine which 5' splice site is selected. In 
general, an excess of hnRNP Al favors distal 5' splice sites, whereas 
an excess of SF2 results in utilization of proximal 5' splice sites. The 
regulation of these antagonistic activities may play an important role in 
the tissue-specific and developmental control of gene expression by 
alternative splicing . 
Record Date Created: 19920228 



28/7/33 (Item 33 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

06970029 91279453 PMID: 2057356 

Tobacco nuclear gene for the 31 kd chloroplast ribonucleoprotein: genomic 
organization, sequence analysis and expression. 

Li Y Q; Ye L Z; Sugita M; Sugiura M 

Center for Gene Research, Nagoya University, Japan. 

Nucleic acids research (ENGLAND) Jun 11 1991, 19 (11) p2987-91, 
ISSN 0305-1048 Journal Code: 0411011 
Document type: Journal Article 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

We have previously identified three chloroplast ribonucleoproteins and 
characterized their cDNAs . Here we present the genomic organization, 
sequence and expression of one of their genes . The 31 kd 
ribonucleoprotein (cp31) from tobacco (Nicotiana sylvestris) chloroplasts 
is coded for by a single-copy nuclear gene. This gene was isolated and its 
sequence was determined. The gene contains four exons and three introns. 
The position of its first intron is conserved among the genes for the maize 
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Five different mutations have been identified in the gene causing cystic 
fibrosis (CF) through sequencing regions encompassing exons 1-8, including 
the 5' untranslated leader. Two of these apparent mutations are missense 
mutations, one in exon 3 (Gly to Glu at position 85; G85E) and another in 
exon 5 (Gly to Arg at 178; G178R) , both causing significant changes in the 
corresponding amino acids in the encoded protein — cystic fibrosis 
transmembrane conductance regulator ( CFTR ) . Two others affect the highly 
conserved RNA splice junction flanking the 3' end of exons 4 and 5 (621 + 

1G T, 711 + 1G T), resulting in a probable splicing defect . The 

last mutation is a single-basepair deletion in exon 4, causing a 
frameshift. These five mutations account for the 9 of 31 non-delta F508 CF 
chromosomes in our Canadian CF family collection and they are not found in 
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1G T, and G85E, are found in the French-Canadian population, with 621 + 

1G T being the most abundant (5/7) . There are two other sequence 

variations in the CFTR gene; one of them (129G C) is located 4 

nucleotides upstream of the proposed translation initiation codon and, 
although present only on CF chromosomes, it is not clear whether it is a 
disease-causing mutation; the other (R75Q) is most likely a sequence 
variation within the coding region. 
Record Date Created: 19910718 
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The cellular transcription factor E2f requires viral E1A and E4 
gene products for increased DNA-binding activity and functions to stimulate 
adenovirus E2A gene expression. 
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Whereas a wide variety of cellular proteins interact with the 
cis-regulatory elements of the adenovirus E1A and E2A genes, only the 
DNA-binding activity of the cellular E2f factor is modulated by viral 
early-gene expression. An analysis of cellular E2f protein levels and 
adenovirus early-gene expression in a panel of independently cloned 
virus-transformed rodent cell lines and in virus-infected rodent cells has 
established that both the E1A 28 9-amino-acid (289R) protein and a 
yet-to-be-defined E4 gene product are required for maximal E2f DNA-binding 
activity. To distinguish between the multiple roles the E1A protein could 
serve in this process, the E2f DNA-binding activity was determined in a 
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affecting the 289R protein. Since E4 gene expression was not altered by the 
incubation conditions, the observation of reduced cellular E2f activity at 
the nonpermissive temperature suggests a direct role for the E1A 289R 
protein in E2f activation. When a virus containing a deletion in the E4 
gene was introduced into cell lines which can complement the E4 gene 
defect, a correlation between high cellular E2f levels and increased rates 
of E2A gene transcription was observed. A time course analysis of the viral 
infection revealed that E2f functions catalytically to stimulate viral E2A 
gene transcription. These observations have led to several hypotheses 
concerning possible mechanisms by which elevated E2A gene expression, which 
leads to cytotoxicity, might be avoided in the transformed cell. 
Record Date Created: 19890627 
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ABSTRACT: The heterogeneous nuclear ribonucleoprotein Al ( hnRNP - Al ) 
is known as an RNA- and single-stranded DNA-binding protein involved in 
alternative splicing of mRNA, RNA transport and maintenance of 
chromosome telomere length. In this study we tested whether this protein 
could bind directly to double-stranded DNA (dsDNA) . Using PCR 




amplification of target DNA-sequences from human chromosome llql3 
followed by their incubation with hnRNP - Al and atomic force 
microscopy (AFM) of the DNA/protein complexes, we found that this protein 
bound to DNA within a 36 bp sequence. These results were confirmed by 
clsctrophorstic mobility shift assay (EMSA) . This sequence was found 
widely dispersed throughout the genome. There is no overlap between the 
36 bp sequence and known target sequences in RNA for binding hnRNP - Al 
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Tumor Necrosis Factor (alpha) is a negative regulator of protein kinase 

C (beta) II gene expression , Akt2 and SR protein dephosphorylation 

in vascular smooth muscle cells. 
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ABSTRACT: Insulin (INS) resistance contributes to a number of metabolic 
disorders including type 2 diabetes, hypertension and atherosclerosis. 
TNF(alpha) may mediate insulin resistance in vascular smooth muscle cells 
(VSMC) by inducing the dephosphorylation of key regulatory proteins in 
INS signaling and contribute to defects in energy homeostasis. We 
previously demonstrated that INS induces the alternative splicing of 
PKC(beta)II mRNA (J. Biol. Chem. 273:910, 1998); it increases the 
phosphorylation of serine/arginine rich ( SR ) proteins involved in the 

PKC(beta)II is required for glucose uptake (Mol. Endo . 10:1273, 1996) and 
regulates cell proliferation. We examined effects of TNF (alpha) exposure 
on these events in A10 VSMC and found that TNF (alpha) pre-incubation 
blocked INS-induced alternative splicing of PKC(beta)II, and it also 
blocked INS-induced phosphorylation of SR proteins . This effect was 
mimicked by C6-ceramide, a known mediator of TNF (alpha) signaling. Both 
C6 and TNF (alpha) maintained Akt2, a kinase involved in the alternative 

splicing of PKC(beta)II, in an inactive dephosphorylated state in the 
presence of INS. Our results indicate that TNF (alpha) may induce INS 
resistance in VSMC by maintaining Akt2 and SR proteins in inactive, 
dephosphorylated states that block PKC(beta)II splicing. 
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Alternative splicing : Multiple control mechanisms and involvement in 
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ABSTRACT: Alternative splicing is an important mechanism for 

controlling gene expression . It allows large proteomic complexity 
from a limited number of genes. An interplay of cis-acting sequences and 
trans-acting factors modulates the splicing of regulated exons . Here, we 
discuss the roles of the SR and hnRNP families of proteins in this 
process. We also focus on the role of the transcriptional machinery in 
the regulation of alternative splicing , and on those alterations of 
alternative splicing that lead to human disease . 
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ABSTRACT: A fundamental switch in protein 4 . 1R gene expression during 
erythropoiesis is mediated through the alternative pre-mRNA splicing 
of exon 16 (E16) , which encodes a critical region of the spectrin-actin 
binding domain essential for normal membrane mechanical properties. 
Whereas the splicing machinery in early erythroid progenitors skips E16, 
most of the 4 . 1R mRNA in later progenitors includes E16. A major goal of 
these studies is to identify both the regulatory elements in 4.1 
pre-mRNA, and the relevant splicing factor proteins, that control E16 
splicing. In previous studies we identified a conserved sequence in E16 
that behaves as a splicing silencer element and binds to a known splicing 
inhibitory protein, hnRNP Al . We also reported that the 5' 
purine-rich element (PRE16) of E16 resembled splicing enhancer elements 
characterized in other pre-mRNAs . Here we show that PRE16 actually 
behaves in the context of 4 . 1R pre-mRNA as a second splicing silencer 
element within E16, and that both PRE 16 and CE16 silencer elements are 
required for proper regulation of E16 splicing. Model 4 . 1R pre-mRNAs 




containing wild type or mutated E16 sequences were subject to splicing 
assays in vitro or in transfected HeLa cells, and the spliced mRNA 
products were analyzed by RT/PCR. Substitution of PRE16 with neutral RNA 
lacking known splicing elements greatly activated E16 inclusion, 
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supporting this interpretation, excess PRE16 RNA was able to titrate the 
silencer activity from nuclear extracts, allowing more efficient E16 
inclusion upon splicing of the model 4 . 1R pre-mRNA. Mass spectrometry and 
Western blot analysis showed that, analogous to CE16, one of the proteins 
bound to PRE16 was hnRNP Al . Recombinant full length Al protein was 
able to restore silencing activity to nuclear extracts depleted of 

PRE1 6-binding proteins in a concentration-dependent manne r, wh ereas 

mutated Al proteins were inactive. Further analysis using gel mobility 
shift assays showed that both PRE 16 and CE16 can bind directly to hnRNP 

Al . However, splicing assays with mutated pre-mRNAs demonstrated that 
the composite silencer containing both elements is much stronger than 
either element alone. Together these results suggest exon 16 splicing may 
be under negative control by hnRNP Al protein, and that developmental 
regulation of splicing could be effected by changes in Al concentration. 
Indeed, we have shown using a mouse erythropoiesis model system that 
there is a striking temporal correlation between the down-regulated 
expression of hnRNP A/B proteins during erythroid differentiation and the 
increased inclusion of E16 in endogenous 4 . 1R pre-mRNA. This effect 
appears specific for hnRNP A/B proteins, since other splicing factors of 
the hnRNP family, including hnRNP H and PTB, exhibit different expression 
patterns in differentiating erythoblasts . These findings demonstrate that 
natural developmental changes in hnRNP A/B protein expression can effect 
physiologically important switches in pre-mRNA splicing through 
interactions with silencer elements within E16. 
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p210BCR/ABL-induced alteration of mRNA splicing as a potential mechanism of 
CML pathogenesis . 
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ABSTRACT: Chronic Myelogenous Leukemia (CML) is a malignancy of the human 
hematopoietic stem cell (HSC) characterized by presence of the BCR/ABL 
gene and its product, p210BCR/ABL. The exact mechanism(s) underlying 
p210BCR/ABL-mediated transformation is not totally understood. Pre-mRNA 
processing is an important step in the transition from DNA to protein, 
wherein exons likely require different groups of trans-acting factors and 
cis-acting elements for their proper union. Although alternative 
splicing of mRNA is a critical determinant of a cell's protein 



repertoire, it has never been implicated in CML pathogenesis. Subtractive 
hybridization techniques comparing MSCV-IRES-GFP and 
MSCV-p210BCR/ABL-IRES-GFP transduced cord blood (CB) CD34 + cells 
identified multiple genes involved in pre-mRNA splicing in 
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RNA Helicase II/Gu. Northern blot, quantitative real-time PCR, and 
Western blot analyses have confirmed increased expression of these 
genes and their products in primary CML versus normal CD34+ cells and 
p210BCR/ABL versus GFP-transduced CB CD34+ cells. Moreover, the 
phosphorylation of SRPK1 substrates, such as SR proteins , which are 
critical components of the spliceosome complex, is increased in 
p2lOBCR/ABL-containing cells . In t rig ui ng! y, previ on.q experime nts i n our 
lab investigating the abnormal adhesion and migration of BCR/ABL-positive 
cells characterized alternatively splicing of the non-receptor tyrosine 
kinase gene, PYK2, whose product is intimately involved in betal-integrin 
signaling. In p2 lOBCR/ABL-positive cells, the ratio of full-length Pyk2 
versus the PYK2 isoform normally predominant in hematopoietic cells, 
Pyk2H, is increased. Alternative splicing of PYK2 is directly 
influenced by p210BCR/ABL as indicated by the significantly higher ratio 
of Pyk2/Pyk2H in primary CML versus normal CD34+ cells and p210BCR/ABL 
versus GFP-transduced CB CD34+ cells. Moreover, treatment of primary 
CML CD34+ cells or p2lOBCR/ABL-transduced CB CD34+ cells with the 
Abl-specific tyrosine kinase inhibitor, STI571, normalized the Pyk2/Pyk2H 
ratio. This STI 57 1-induced reversion to normal PYK2 gene splicing 
correlated with decreased expression of the splicing proteins SRPK1 and 
RNA Helicase II/Gu, and reduced phosphorylation of the SR proteins . 
Reversible phosphorylation of SR proteins is critical for spliceosome 
assembly and subsequent splicing, and SRPK1 overexpression inhibits 
pre-mRNA splicing (Genes Dev 1996 10:1569). Therefore, experiments are in 
progress in which SRPK1 is overexpressed in normal CB CD34+ cells, by 
MSCV-based retroviral transduction, to determine whether the 
BCR/ABL-induced alteration of PYK2 mRNA splicing is mediated solely by 
the elevation of SRPK1 expression/activity, and whether these changes in 
splicing contribute to the abnormal adhesion and migration 
characteristics observed in CML. 
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gene . 
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ABSTRACT: The effects of four splicing mutations and one nonsense mutation 
on cystic fibrosis transmembrane conductance regulator ( CFTR ) gene 
expression were investigated by reverse transcription-polymerase chain 
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from patients harbouring the mutations. We studied four subjects with 
621+3AfwdarwG, two with 2751+2TfwdarwA, one with 296+lGf wdarwC, two with 
1717-9TfwdarwC-D565G and seven with E822X and compared the results with 
CFTR mRNA from normal subjects. Our results showed that mutations 
621+3AfwdarwG, 2751+2TfwdarwA, and 296+lGfwdarwC, which disrupt the 5' 
splice donor sites of introns 4, 14a, and 2, respectively, and 

1717-9TfwdarwC-D5 65G, which possibly disrupts the exonic . splicing 

enhancer sequences of exon 12 (owing to the missense mutation in cis), 
lead to the production of aberrantly spliced mRNA in nasal epithelial 
cells. Three of the splicing mutations (621+3AfwdarwG, 2751+2TfwdarwA, 
and 296+lGfwdarwC) result in severe deficiency of normal CFTR mRNA and 
severe phenotype in the patients. This information is especially useful 
for mutation 62 l+3Af wdarwG, which is found in other populations as well, 
and was initially reported as a polymorphism. The complex allele 
1717-9Tf wdarwC-D565G results in aberrant splicing of CFTR mRNA with 
production of transcripts lacking exon 12 (major product), with minor 
amounts of transcripts revealing joint exon 11 and 12 skipping. Nonsense 
mutation E822X results in a severe reduction in mRNA levels to about 6% 
of wild type. Patients with the mutation have a severe clinical 
phenotype, with both the pancreatic and the pulmonary function affected. 



28/7/42 (Item 7 from file: 5) 

DIALOG (R) File 5 : Biosis Previews (R) 
(c) 2002 BIOSIS. All rts. reserv. 

13394502 BIOSIS NO. : 200200023323 

The effect of cellular and viral splicing factors on the level of normal 
CFTR RNA. 

AUTHOR: Nissim-Raf inia M(a); Kerem B(a) 

AUTHOR ADDRESS: (a)Dept Genetics, Hebrew Univ, Jerusalem* * Israel 
JOURNAL: American Journal of Human Genetics 69 (4 Supplement ): p650 
October, 2001 

CONFERENCE/MEETING: 51st Annual Meeting of the American Society of Human 
Genetics San Diego, California, USA October 12-16, 2001 
ISSN: 0002-9297 
RECORD TYPE: Citation 
LANGUAGE: English 



28/7/43 (Item 8 from file: 5) 

DIALOG (R) File 5: Biosis Previews (R) 
(c) 2002 BIOSIS. All rts. reserv. 

13202312 BIOSIS NO. : 200100409461 

Cloning of a gene (SR-A1), encoding for a new member of the human 

Ser/Arg-rich family of pre-mRNA splicing factors: Overexpression in 
aggressive ovarian cancer. 
AUTHOR: Scorilas A; Kyriakopoulou L; Katsaros D; Diamandis E P(a) 
AUTHOR ADDRESS: ( a ) Department of Pathology and Laboratory Medicine, Mount 
Sinai Hospital, Toronto, ON, M5G 1X5: Scorilas@netscape . net**Canada 




JOURNAL: British Journal of Cancer 85 (2) :pl90-198 20 July, 2001 
MEDIUM: print 
ISSN: 0007-0920 
DOCUMENT TYPE: Article 

r\£j^ur\u j. x it iii . nuo Liauu 

LANGUAGE: English 
SUMMARY LANGUAGE: English 

ABSTRACT: By using the positional cloning gene approach, we were able to 
identify a novel gene encoding for a serine/arginine-rich protein, which 
appears to be the human homologue of the rat Al gene. We named this new 

gene SR-A1. Members of the S R f amil y o f proteins have b een shown_t.Q 

interact with the C-terminal domain (CTD) of the large subunit of RNA 
polymerase II and participate in pre-mRNA splicing. We have localized the 
SR-A1 gene between the known genes IRF3 and RRAS on chromosome 19ql3.3. 
The novel gene spans 16.7 kb of genomic sequence and it is formed of 11 
exons and 10 intervening introns . The SR-A1 protein is composed of 1312 
amino acids, with a molecular mass of 139.3 kDa and a theoretical 
isoelectric point of 9.31. The SR-Ai protein contains an SR-rich domain 
as well as a CTD-binding domain present only in a subset of SR - 
proteins . Through interactions with the pre-mRNA and the CTD domain of 
the Polymerase II, SR proteins have been shown to regulate 
alternative splicing . The SR-AI gene is expressed in all tissues 
tested, with highest levels found in fetal brain and fetal liver. Our 
data suggest that this gene is overexpressed in a subset of ovarian 
cancers which are clinically more aggressive. Studies with the steroid 
hormone receptor-positive breast and prostate carcinoma cell lines 
ZR-75-1, BT-474 and LNCaP, respectively, suggest that SR-AI is 
constitutively expressed. Furthermore, the mRNA of the SR-AI gene in 
these cell lines appears to increase by estrogens, androgens and 
glucocorticoids, and to a lesser extend by progestins. 
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ABSTRACT: A fundamental switch in protein 4.1R gene expression during 
erythropoiesis is mediated at the level of alternative pre-mRNA 



splicing of exon 16 (E16) , which encodes a critical region of the 
spectrin-actin binding domain essential for normal membrane mechanical 
properties. Several lines of evidence suggest that one of the molecular 
determinants that regulates splicing of E16 is a 42 nt evolutionarily 
conserved sequence in E16 that functions as an exonic splicing silencer 
(ESS16) . In model 4 . 1R pre-mRNA constructs spliced in vitro with HeLa 
cell nuclear extracts, or in vivo in microin j ected Xenopus oocyte nuclei, 
mutation of ESS16 or replacement of ESS16 with heterologous RNA sequence 
leads to more efficient inclusion of E16. Conversely, insertion of ESS16 
into heterologous pre-mRNA constructs greatly decreases splicing of an 
adjacent upstream intron. These experiments support the hypothesis that 
-n ative ES -S^r6- binds to nucl e ar factor (s) that in h ibit inc l u si on of F .I 6 . — A_ 
biotinylated ESS16 RNA affinity probe incubated in HeLa cell nuclear 
extract binds to several proteins, including a apprx34 kD protein 
confirmed by Western blotting and nanospray mass spectrometry to be 
hnRNP Al , a known nuclear RNA-binding protein/ alternative splicing 
factor. In functional splicing assays, addition of excess recombinant 
hnRNP Al to HeLa cell nuclear extract results in almost complete 
exclusion of E16. In contrast, partial depletion of hnRNP Ai from 
nuclear extract greatly improves E16 inclusion, while add-back of 
wild-type hnRNP Al , but not of an inactive mutant, restores 
inhibition of E16 inclusion in a concentration-dependent manner. These 
results indicate that the interaction of hnRNP Al with ESS16 
specifically blocks inclusion of E16. Experiments with mouse 
erythroleukemia cells demonstrated that DMSO-induced differentiation is 
accompanied by an apprxtwo-f old decrease in hnRNP Al protein levels 
coordinated with an up to five-fold increase of 4 . 1R protein isoforms 
containing the peptide encoded by E16. These results are consistent with 
a model in which developmentally-regulated expression of hnRNP Al in 
erythropoiesis can regulate the functionally-critical splicing switch of 
E16 through interactions with the ESS16 element in protein 4.1 pre-mRNA. 
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ABSTRACT: The constitutive splicing factor ASF/SF2 has been shown to affect 
the choice between alternative splice sites by favoring the proximal 
as opposed to the distal choice. HnRNP Al antagonizes ASF/SF2 by 
promoting the distal choice for competing 5' splice sites. We have tested 
the in vivo effects of these proteins on alternative 3' splice site 
choices. Cotransf ection of a dihydrof olate reductase-calcitonin chimeric 
construct together with a plasmid specifying the SR protein ASF/SF2 into 
cells of several mammalian lines increased use of a proximal 3' splice 
site, resulting in the inclusion of a terminal calcitonin exon. This 




stimulation of 3' proximal splicing was antagonized by cotransf ection 
with an hnRNP Al plasmid. This effect of hnRNP Al in promoting 
distal splicing was also seen in an hnRNP Al -deficient MEL cell line. 
A similar effect of hnRNP Al was demonstrated with mutant hamster 
adenine phosphoribosyltransf erase (aprt) transcripts that are normally 
constitutively spliced, suggesting that hnRNP Al may be a general 
inhibitor of proximal splicing. Intron size also influenced splice site 
choice in mutant aprt transcripts, with larger introns favoring proximal 
splicing. These results support the idea that the ratios of particular 
but general splicing factors and hnRNPs play a role in alternative 
splicing . 
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ABSTRACT: Exon 7B in the hnRNP Al pre-mRNA is alternatively spliced to 
yield Al and Al-B, two proteins that diff er in their ability to modulate 
5' splice site selection. Sequencing the murine intron downstream of axon 
7B revealed the existence of several regions of similarity to the 
corresponding human intron. In vitro splicing assays indicate that an 
84-nt region (CE610) decreases splicing to the proximal 5' splice site in 
a pre-mRNA carrying the 5' splice sites of exon 7 and 7B. In vivo, the 
CE610 element promotes exon 7B skipping in pre-mRNAs expressed from a 
mini- gene containing the hnRNP Al alternative splicing unit. 
Using oligonucleotide-targeted RNase H cleavage assays, we provide 



support for the existence of highly stable base pairing interactions 
between CE610 and the 5' splice site region of exon 7B. Duplex formation 
occurs in naked pre-mRNA, resists incubation in splicing extracts, and is 
associated with a reduction in the assembly of Ul snRNP-dependent 
complexes to the 5' splice site of exon 7B. Our results demonstrate that 
pre-mRNA secondary structure plays an important role in promoting exon 7B 
skipping in the Al pre-mRNA. 
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Spatio-temporal expression of the Trans-acting splicing factors SF2/ASF 
and heterogeneous ribonuclear proteins A1/A1SUPB in the myometrium of the 
pregnant human uterus: A molecular mechanism for regulating regional 
protein isoform expression in Vivo 

Pollard A. J.; Sparey C. ; Robson S.C.; Krainer A.R.; Europe-Finner G.N. 

Dr. A.J. Pollard, Department of Obstetrics, University of Newcastle upon 

Tyne, Royal Victoria Infirmary, Newcastle upon Tyne NE1 4LP United 

Kingdom 

AUTHOR EMAIL : a . j . pollard@ncl . ac . uk 

Journal of Clinical Endocrinology and Metabolism ( J. CLIN. ENDOCRINOL. 

METAB. ) (United States) 2000, 85/5 (1928-1936) 

CODEN: JCEMA ISSN: 0021-972X 

DOCUMENT TYPE: Journal ; Article 

LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 

NUMBER OF REFERENCES: 4 7 

Many of the human myometrial proteins associated with uterine quiescence 
and the switch to coordinated contractions at the onset of labor exist as 
alternatively spliced isoforms. There is now extensive evidence to indicate 
that the nuclear concentrations of the trans-acting splicing regulators 
SF2/ASF and hnRNP Al /A1SUPB are fundamental in regulating the 
expression of specific protein isoforms derived from alternative 
splicing of single precursor messenger ribonucleic acid transcripts. The 
question thus arose as to whether these factors were also involved in 

leyuj-auxny luc <^s±t-> j- ^ j_ , x — r- 

different uterine regions during human gestation and parturition. SF2/ASF 
and hnRNP Al /A1SUPB expression was therefore determined in paired upper 
(corpus) and lower segment myometrial samples taken from individual women 
at term/during spontaneous labor and compared with nonpregnant control 
samples using specific monoclonal antibodies. We report that SF2/ASF levels 
were substantially increased in the lower uterine region, and this was 
associated with a parallel decrease in levels of hnRNP Al /A1SUPB during 
gestation. Conversely, the opposite pattern was observed within the upper 
uterine region during pregnancy, where hnRNP Al /A1SUPB was 
significantly up-regulated and SF2/ASF levels were much less than those 
found in the lower uterine segment. The differential expression of hnRNP 
Al /A1SUPB and SF2/ASF in the upper and lower uterine segments may have a 
primary role in defining the formation of specific myometrial protein 
species associated with the known contractile and relaxatory properties of 
these regions before and during parturition. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS * 
SHP-1 protein tyrosine phosphatase has been implicated in 
lymphocyte and myeloid cell malignancies; however, there are 

this role of SHP-1 in T-lymphocyte malignancies. We 
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examined malignant human T cells to identify any abnormalities of SHP-1 
that would support a role for this molecule in suppressing T 
lymphontagenesis . 

Materials and Methods. Human T-lymphocyte cell lines and primary blood 
cells were used to examine the expression of SHP-1 mRNA and protein. 
Reverse transcriptase polymerase chain reaction was used to amplify 
particular portions of the SHP-1 mRNA for cloning and sequencing. Gene 
transfer was used to examine the effects of SHP-1 on cell growth and 
morphology. Glutathione S-transf erase (GST) fusion proteins were generated 
and used to determine SHP-l-associated proteins. 

Results. Leukemia- and lymphoma-derived cell lines were identified that 
did not express SHP-1 protein. Examination of the mRNA from these and 

"ot her T-cell lines - ; — and from norma l periphera i-^3i-ood- mononuclear 

cells (PBMCs), revealed three distinct transcripts by restriction enzymes, 
reverse transcriptase polymerase chain reaction, and Southern blot 
analysis. In addition to the expected wild-type transcript, two novel 
transcripts were identified. One was a deletion transcript found only in 
Jurkat leukemia-derived cells, predicted to encode for a 7-kDa protein 
containing most of the amino-terminal SH2 domain. The second contained an 

frame shift and the formation of a noncoding transcript. This mRNA was 
found in all cells examined but was the only transcript detected in the 
cell lines lacking SHP-1 protein. Expressing wild-type SHP-1 in these cell 
lines resulted in a change in the morphology of the cells with a 
concomitant decrease in their growth. GST fusion constructs showed the 
7-kDa variant able to associate with an identical array of proteins as 
wild-type SHP-1, suggesting that it could compete with the wild-type SHP-1 
for substrates. This protein was detectable in the cell line expressing 
its corresponding mRNA and was able to induce significant changes in cell 
morphology when transfected into a cell line expressing wild-type SHP-1; 
however, it did not induce any changes in cell growth. 

Conclusions. These data are the first to show the existence of multiple 
transcripts of SHP-1 in human transformed T lymphocytes and normal 
PBMCs and supports previous work showing that alternate forms of SHP-1 
mRNA are a common finding in other cells. We also show the lack of 
splicing out of an intron as a novel mechanism of regulation of SHP-1 
protein expression in both normal and transformed T cells. 
Moreover, we provide the first evidence showing a protein product 
detectable in cells that is translated from an alternatively 
spliced form of SHP-1 mRNA, a variant truncated SHP-1 protein 
v, a -rT-i nr! potential bioloaic relevance. This report provides evidence 

Supporting tne concept LIlciL. onr-x uan iieyai_.L »cij j-cyuj-aL-c yiu""." ^4. 

malignant human T cells and that lack of SHP-1 protein or function may be 
associated with lymphomagenesis . (C) 2003 International Society for 
Experimental Hematology. 
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Last Updated on STN: 20030226 
Entered Medline: 20030225 

hallmark of alternative 
splicing, a prevalent mechanism for generating protein isoform 
diversity. Many disease-associated mutations also affect pre-mRNA 
splicing, usually causing inappropriate exon skipping. 
SR proteins are essential splicing factors that recognize exonic 
splicing enhancers and drive exon inclusion. To emulate this function of 
SR proteins, we designed small chimeric effectors comprising a 
- minimal — s ynth e tic RS domain e e val c ntly linked to an anti -s-eftse moi e ty tha ^fe — 
targets an exon by Watson-Crick base pairing. Here we show that such 
synthetic effectors can mimic the functions of SR proteins and 
specifically restore wild type splicing when directed to defective BRCA1 
or SMN2 pre-mRNA transcripts. This general approach can be used as a tool 
to investigate splicing mechanisms and modulate 
alternative splicing of specific genes, and as a 



numerous diseases. 
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INFO.: US 2000-304182P P 20001109 

WO 2001-US47523 W 20011109 
invention provides a chimeric mol . including a 
bonded base-pairing segment that binds specifically to a 
nded nucleic acid mol. like a pre-mRNA transcript and a moiety 
tes splicing or translation. A spacer may be present between 
iring region and said moiety of about 1-20 amino acids and may 
least one glycine residue. The moiety may be a protein or a 
eic acid. The base-pairing region comprises a non-sugar 
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backbone like peptide-nucleic acids or morpholino groups or a 2 ' O-Me 
ribose group backbone. Furthermore, the chimeric mol . may have a branched 
structure and the base-pairing segment may be 6-50 bases. A protein 
moiety in the chimeric mol. may be 5-50 amino acids and may comprise a 
translation or splicing activation domain. Furthermore, the Drotein 



^.w..w~._^». v^-l_£> J. X. V^J_*\_, (J. t_ O . 



chimeric mol. may be an endogenous splicing protein binding site. In a 
specific embodiment, the chimeric mol. may bind the SMN2 exon 7 pre-mRNA 
transcript between 0-300 residues away from the splice site and modulate 
splicing. Modulation of splicing promotes inclusion of target exon in 
mRNA due to mutation in exonic splicing enhancer element of said target 
exon and thereby these chimeric mols . may be used in treatment 



_o f spinal „mu scu l ar atrophy i n ute ro- I~n-an-€>£fae^emfeod im c nt, a p epfeird-e 

nucleic acid peptide was effective at promoting exon 18 inclusion with 
pre-mRNA harboring a nonsense mutation in a patient. The invention also 
provides a chimeric mol. including a base-pairing segment that binds 
specifically to a double-stranded nucleic acid mol. and a peptide that 
modulates transcription, wherein the peptide comprises up to about one 
hundred amino acid residues. 
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The invention concerns a method for treating various genetic 

factors which can modulate alternative splicing. The 

method of the present invention is esp. suitable for the treatment 

of cystic fibrosis. 
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AB The flavin-containing monooxygenases (FMOs) are a family of five 

microsomal enzymes important for the oxidative metabolism of environmental 
toxicants , natu ral products, and_therapeutics- With t h e 
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exception of FM05, the FMO are encoded within a single gene cluster on 
human chromosome lq23-25. As part of the human genome effort, an FMO-like 
gene, FM06, was identified between FM03 and FM02 (GenBank accession no. 
AL021026) . Sequence analysis of this putative FMO family member revealed 
nothing that would a priori argue against a functional gene and encoded 
protein. When FM06 expression was examined by reverse transcriptase 
coupled polymerase chain reaction DNA amplification, transcripts were 
identified in 8 of 11 human liver samples, but 0 of 4 kidney biopsy 
samples. However, in all cases, the observed transcripts were shorter 
than predicted. Sequence analysis revealed skipping of 
exon 4, exons 3 and 4, and/or the use of alternative 
splice donor or acceptor sites in introns 3, 4, 6, and 8, 

resulting in nine unique transcripts. Based on an analysis of possible 
open reading frames, none of these transcripts would encode a functional 
FMO enzyme. Taking advantage of the high sequence identity between FM03 
and FM06, it is posited that the loss of binding sites for the 
serine-arginine-rich splicing factor protein 
family within exons 3 and 4 contributes to the exon 
skipping events, although the most commonly observed 
alternative splice event results from a 21-bp insertion 
immediately 3' to the predicted FM06 intron 8 splice acceptor site, 
diminishing the efficiency of this site. 
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atrophy is caused by the loss of functional survival motor 

leles . A translationally silent nucleotide transition in 

opy of the gene (SMN2) leads to exon 7 

ression of a nonfunctional gene product. It has 

hat differential SMN2 splicing is caused by the disruption 

icing enhancer. Here we show that the single nucleotide 
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difference reduces the intrinsic strength of the 3' splice site of exon 7 
2-fold, whereas the strength of the 5' splice site of the exon 7 is not 
affected. Thus, a decrease in splice site strength is magnified in the 
context of competing exons . These data suggest that lower levels of exon 
7 definition not only reduce intron 6 removal but, more importantly, 

"lnr^VCiaCO +-V"|£S af f 1 PI onnu /-i-f- i-VlQ nnmi^rtf i nrf — a — . T n 1. ^ .J _ — 

pathway. Antisense oligonucleotides were tested to modulate exon 7 
inclusion, which contains the authentic translation stop codon. 
Oligonucleotides directed toward the 3' splice site of exon 8 were shown 
to alter SMN2 splicing in favor of exon 7 inclusion. These results 
suggest that antisense oligonucleotides could be used as a 
therapeutic strategy to counteract the progression of SMA. 
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Alternative splicing of human cystic 

fibrosis transmembrane conductance regulator (CFTR) exon 

9 is regulated by a combination of cis-acting elements distributed through 
the exon and both flanking introns (IVS8 and IVS9) . Several studies have 
identified in the IVS8 intron 3' splice site a regulatory element that is 
composed of a polymorphic (TG)m(T)n repeated sequence. At present, no 
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AB 



have identified TDP-43, a nuclear protein not previously described to bind 

RNA, as the factor binding specifically to the (TG)m sequence. Transient 

TDP-4 3 overexpression in Hep3B cells results in an increase in 

exon 9 skipping. This effect is more pronounced with 

concomitant overexpression of SR proteins. Antisense inhibition 

of endogenous TDP-43 expression results in increased inclusion of exon 9, 

providing a new therapeutic target to correct aberrant 

splicing of exon 9 in CF patients. The clinical and biological 

relevance of this finding in vivo is demonstrated by our characterization 

of a CF patient carrying a TG10T9 ( DeltaF508 ) /TG13T3 ( wt ) genotype leading 

to a disease-causing high proportion of exon 9 skipping 
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cell-specific and developmentally regulated 
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* ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 

AB Alternative splicing of cardiac troponin T (cTNT) 

exon 5 undergoes a developmentally regulated snitch such that exon 
inclusion predominates in embryonic, but not adult, striated muscle. We 
previously described four muscle-specific splicing enhancers (MSEs) within 
introns flanking exon 5 in chicken cTNT that are both necessary and 
sufficient for exon inclusion in embryonic muscle. We also demonstrated 
that CUG-binding protein (CUG-BP) binds a conserved CUG motif within a 
human cTNT MSE and positively regulates MSE-dependent exon inclusion. Here 
we report that CUG-BP is one of a novel family of developmentally 
regulated RNA binding proteins that includes embryonically lethal abnormal 
vision-type RNA binding protein 3 ( ETR-3 ) . This family, which we call CELF 
proteins for CUG-BP- and ETR-3-like factors, specifically bound 
MSE-containing RNAs in vitro and activated MSE-dependent exon inclusion of 
cTNT minigenes in vivo. The expression of two CELF proteins Is highly 
restricted to brain. CUG-BP, ETR-3, and CELF4 are more broadly expressed, 
and expression is developmentally regulated in striated muscle and brain. 
Changes in the level of expression and isoforms of ETR-3 in two different 
developmental systems correlated with regulated changes in cTNT splicing. 
A switch from cTNT exon skipping to inclusion tightly 
correlated with induction of ETR-3 protein expression during 
differentiation of C2C12 myoblasts. During heart development, the switch 
in cTNT splicing correlated with a transition in ETR-3 protein isoforms, 
We propose that ETR-3 is a major regulator of cTNT alternative 
splicing and that the CELF family plays an important regulatory 
role in cell-specific alternative splicing during 
normal development and disease. 
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AB The effects of four splicing mutations and one nonsense mutation on 
cystic fibrosis transmembrane conductance regulator ( 
CFTR) gene expression were investigated by reverse 

transcription-polymerase chain reaction anal, of mRNA extd. from nasal 

en i thpl 1 al C^l 1 ^ T"1?p dt" f^H frran naf-iont^ K =, t-K^ -^-i^^r ^ V, ^ „,,4- -.4- A t.t_ 

-j.- — .^wwww^ ix(_^j.i^w-i_j-iiv_j L-ii^z: iti.uLaLJ.ujta . VYt: 

studied four subjects with 62 1+3 A. fwdarw. G, two with 2751+2T . fwdarw. A, one 
with 296+1G. fwdarw. C, two with 1717-9T . fwdarw. C-D565G and seven with 
E822X, and compared the results with CFTR mRNA from 
normal subjects. Our results showed that mutations 

62 1+3A. fwdarw. G, 2751+2T . fwdarw . A, and 296+1G. fwdarw. C, which disrupt the 
5' splice donor sites of introns 4, 14a, and 2, resp., and 

1717-9T. fwdaxM.. C-D5 65C which possibly disrupts the exon-i-G— spX4e4ag 

enhancer sequences of exon 12 (owing to the missense mutation in cis), 
lead to the prodn. of aberrantly spliced mRNA in nasal epithelial cells. 
Three of the splicing mutations ( 62 1+3A . fwdarw . G, 2751+2T . fwdarw. A, and 
296+1G. fwdarw. C) result in severe deficiency of normal 
CFTR mRNA and severe phenotype in the patients. This information 
is esp. useful for mutation 62 1+3A . fwdarw . G, which is found in other 
populations as well, and was initially reported as a polymorphism. The 
complex allele 1717-9T . fwdarw. C-D565G results in aberrant ' 
splicing of CFTR mRNA with prodn. of transcripts lacking 

exon 12 (major product), with minor amts . of transcripts revealing joint 
exon 11 and 12 skipping. Nonsense mutation E822X 

results in a severe redn. in mRNA levels to about 6% of wild type. 
Patients with the mutation have a severe clin. phenotype, with both the 
pancreatic and the pulmonary function affected. 
REFERENCE COUNT: 4 5 THERE ARE 4 5 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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Identification of an alternative transcript of ABCA1 gene 
in different human cell types 

Bellincampi L; Simone M L; Motti C; Cortese C; Bernardini 
S; Bertolini S; Calandra S (Reprint) 

Univ Modena & Reggio Emilia, Dipartimento Sci Biomed, Via 
Campi 287, 1-41100 Modena, Italy (Reprint); Univ Modena & 
Reggio Emilia, Dipartimento Sci Biomed, 1-41100 Modena, 
Italy; Univ Rome Tor Vergata, Dept Med Interna, Rome, 



AB 



Teramo, Italy; Univ Genoa, Dipartimento Med Interna, 
Genoa, Italy 
Italy 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS, (11 
MAY 2001) Vol. 283, No. 3, pp. 590-597. 

Publisher: ACADEMIC PRESS INC, 525 B ST, STE 1900, SAN 
DIEGO, CA 92101-4495 USA. 
ISSN: 0006-291X. 
Article; Journal 
English 
33 

* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
We have observed two ABCA1 gene transcripts in human skin fibroblasts, 
The RT-PCR amplification of the exon 3-exon 8 region generated a 
normal fragment (74 0 bp) and an abnormal fragment (600 bp) in a 
ratio ranging from 3:1 to 8/9:1. These two transcripts were present in 
other cells such as leukemia T-cells, endothelial and smooth muscle cells 
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as well human hepatoma cells (HepG2) . Restriction enzyme analysis and 
sequencing indicated that in the abnormal fragment exon 3 was followed by 
exon 5. The complete skipping of exon 4 leads 

to a premature stop and a predicted translation product of 74 amino acids. 
The ratio between the normal and alternative transcript is not 

^■F-Frt/i-t-rtz-l Kit TT^-^-i-rl--;/^^ ir^ 7\ t> 7\ 1 ~ ~ ^ ~ ~ -I ~ , . -1 l~ . . 4 ~ « , . 1 J- 1 IT — 

ui.j.^^L^u Kjy »ui.±ui.iuji .Lii nu^ni ycnc cAjjicooiun muuuca uy niLUJjaLiiiy ucilb 

in serum-free medium and in the presence of cholesterol. It is possible 

that this alternative splicing represents as mechanism 

that regulates the ABCA1 content in tissues. (C) 2001 Academic Press. 
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Catherine M. (1) 

CORPORATE SOURCE: (1) Stem Cell Institute, University of Minnesota Cancer 

Center, Minneapolis, MN USA 
SOURCE: Blood, (November 16, 2001) Vol. 98, No. 11 Part 1, pp. 

144a. http://www.bloodjournal.org/. print. 

Meeting Info.: 4 3rd Annual Meeting of the American Society 
of Hematology, Part 1 Orlando, Florida, USA December 07-11, 
2001 

ISSN: 0006-4971. 
DOCUMENT TYPE: Conference 
LANGUAGE: English 

AB Chronic Myelogenous Leukemia (CML) is a malignancy of the human 

hematopoietic stem cell (HSC) characterized by presence of the BCR/ABL 
gene and its product, p210BCR/ABL. The exact mechanism(s) underlying 
p210BCR/ABL-mediated transformation is not totally understood. Pre-mRNA 
processing is an important step in the transition from DNA to protein, 
wherein exons likely require different groups of trans-acting factors and 
cis-acting elements for their proper union. Although alternative 
splicing of mRNA is a critical determinant of a cell's protein 
repertoire, it has never been implicated in CML pathogenesis. Subtractive 
hybridization techniques comparing MSCV-IRES-GFP and MSCV-p210BCR/ABL-IRES- 
GFP transduced cord blood (CB) CD34+ cells identified multiple genes 
involved in pre-mRNA splicing in BCR/ABL-positive cells, including the 
SR-protein kinase 1 (SRPK1) and RNA Helicase II/Gu. 

Northern blot, quantitative real-time PCR, and Western blot analyses have 

ir— . ~o L 

primary CML versus normal CD34+ cells and p210BCR/ABL versus 
GFP-transduced CB CD34+ cells. Moreover, the phosphorylation of 
SRPK1 substrates, such as SR proteins, which are 

critical components of the spliceosome complex, is increased in 
p210BCR/ABL-containing cells. Intriguingly , previous experiments in our 
lab investigating the abnormal adhesion and migration of BCR/ABL-positive 
cells characterized alternatively splicing of the 

non-receptor tyrosine kinase gene, PYK2, whose product is intimately 
involved in betal-integrin signaling. In p2 lOBCR/ABL-positive cells, the 
ratio of full-length Pyk2 versus the PYK2 isoform normally 
predominant in hematopoietic cells, Pyk2H, is increased. 
Alternative splicing of PYK2 is directly influenced by 

p210BCR/ABL as indicated by the significantly higher ratio of Pyk2/Pyk2H 
in primary CML versus normal CD34+ cells and p210BCR/ABL versus 
GFP-transduced CB CD34+ cells. Moreover, treatment of primary 
CML CD34+ cells or p210BCR/ABL-transduced CB CD34+ cells with the 
Abl-specific tyrosine kinase inhibitor, STI571, normalized the 
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gene splicing correlated with decreased expression of the splicing 

proteins SRPK1 and RNA Helicase II/Gu, and reduced 

phosphorylation of the SR proteins. Reversible phosphorylation 

of SR proteins is critical for spliceosome assembly and 

subsequent splicing, and SRPKi o verexpression inhibits pre-mRNA 

splicing (Genes Dev 1996 10:1569). Therefore, experiments are in progress 

in which SRPKI is overexpressed in normal CB CD34+ 

cells, by MSCV-based retroviral transduction, to determine whether the 
BCR/ABL-induced alteration of PYK2 mRNA splicing is mediated solely by the 
elevation of SRPKI expression/activity, and whether these 
changes in splicing contribute to the abnormal 
adhesion and migration characteristics observed in CML . 
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TITLE: An estrogen receptor-alpha splicing variant mediates both 

positive and negative effects on gene transcription. 
AUTHOR: Bollig A; Miksicek R J 

CORPORATE SOURCE: Michigan State University, Department of Physiology, East 

Lansing 48824-1101, USA . 
SOURCE: MOLECULAR ENDOCRINOLOGY, (2000 May) 14 (5) 634-49. 

Journal code: 8801431. ISSN: 0888-8809. 
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ENTRY MONTH: 200008 

ENTRY DATE: Entered STN: 20000818 

Last Updated on STN: 20000818 
Entered Medline: 20000810 

AB Analysis of mRNA prepared from a variety of estrogen-resppnsive cell 
lines, breast tumor specimens, and normal breast tissue have 
established that estrogen receptor-alpha (ER alpha) mRNA is typically 
expressed as a mixture of transcripts. Using PCR amplification, this 
heterogeneity has been shown to result largely from an imprecise pattern 
of mRNA splicing that gives rise to a family of correctly processed and 
exon-skipped ER alpha transcripts. We have 
reconstructed ER alpha cDNAs representing the single exon- 
skipped variants ERdeltaE2 through ERdeltaE7 to enable their 

All six of the ER alpha splicing variants support the efficient expression 
of stable proteins in Cos7 cells, and each shows a characteristic pattern 
of subcellular distribution. Each of the variants displays a dramatic 
reduction in DNA-binding activity with a consensus estrogen response 
element (ERE) in an in vitro gel mobility shift assay. While this 
DNA-binding defect appears to be complete for ERdeltaE2, ERdeltaE3, 
ERdeltaE4, and ERdeltaE6, weak DNA binding is observed for ERdeltaE5 and 
ERdeltaE7 . Scatchard analysis of hormone binding demonstrates that among 
the variants, only ERdeltaE3 binds 17beta-estradiol (E2) and does so with 
an affinity similar to wild-type ER alpha (wt ER alpha) . Individual 
variants cotransf ected with the pERE-TK-CAT reporter plasmid [a consensus 
ERE-driven chloramphenicol acetyltransf erase (CAT) reporter gene that is 
highly responsive to E2-liganded wt ER alpha] were ineffective at inducing 
CAT expression in ER-negative HeLa cells. Only ERdeltaE5 showed 
indications of positive transcriptional activity on the pERE-TK-CAT 
reporter, but this activity was limited to approximately 5% of the 
activity of wt ER alpha. When variants were expressed simultaneously with 
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negative effect on wt ER alpha transcriptional activity. Like the 
wild-type receptor, both ERdeltaE3 and ERdeltaE5 interact with steroid 
receptor coactivator- le (SRC-le) in vitro; however, only 
ERdeltaE3 retained the ability to dimerize with wt ER alpha. 
Transcription from a region of the ovalbumin promoter, which contains an 
ERE half-site and an AP-1 motif, is positively regulated by liganded wt ER 
alpha and ERdeltaE3 in phorbol ester- treated, transiently 
transfected HeLa cells. In both cases, this activity was enhanced by 
cotransf ected cJun. These observations suggest that selected ER alpha 
splicing variants are likely to exert important transcriptional effects, 
especially on genes that are regulated by nonconsensus EREs and subject to 
complex hormonal control. 
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Last Updated on STN: 20010322 
Entered Medline: 20001107 

AB Growing awareness of the central role of the E4orf6 protein in 

regulating the infectious cycle of human adenoviruses has led to greatly 
intensified efforts to define its functions and mechanisms of action. 
Many workers employ cDNAs to generate plasmid or viral vectors to express 
E4orf6 in the absence of other viral products. In addition to the 
normal 34-kDa product, such vectors consistently produce a 
polypeptide of about 8 kDa . In the present report we show that this 
protein is produced by an aberrant mRNA utilizing the 5' splice donor site 

product, which shares 58 residues with E4orf6. This amino 

terminal coding sequence is linked to a 3' sequence via a novel splice 

acceptor site in an alternative reading frame of the E4orf6 

cDNA. The 5' donor site was altered by PCR-directed mutagenesis to yield 

a construct that produces high levels of E4orf6 in the absence 

of the 8-kDa polypeptide. This construct should eliminate some of the 

problems encountered previously using the wild-type E4orf6 

coding sequence. 

Copyright 2000 Academic Press. 
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(1) Division of Disease Genes, Institute of Genetic 
Information, Kyushu University, 3-1-1 Maidashi, Higashi-ku, 
Fukuoka, 812-8582: yfukumak@gen.kyushu-u.ac.jp Japan 
International Journal of Hematology, (July, 2000) Vol. 72, 
No. 1, pp. 28-33. print. 
ISSN: 0925-5710. 
Article 
English 
English 

AB Hemoglobin (Hb) E is the most common Hb variant among Southeast Asian 

populations. The mutation in codon 26 (GAG to AAG) of the beta-globin gene 
(betaE) induces alternative splicing, resulting in the 
production of normally and aberrantly spliced beta-globin mRNA. 
Compound heterozygosity for beta-thalassemia and HbE, beta-thalassemia/HbE 
disease, could lead to a severe thalassemia phenotype. Repression of 
aberrant splicing from the betaE mutation could 
ameliorate the severity in such patients. We showed that the 
aberrant splicing was partially repressed in cells 
treated with antisense oligoribonucleotide targeted to the 
aberrant 5' splice site. The maximum effect of the 

antisense oligoribonucleotide was observed at a concentration . of 0.4 
mumol/L, 36 hours after the treatment in our experiment. We also 
analyzed the effect of the transient and stable expression of SF2/ASF on 
aberrant splicing in cells expressing the betaE-globin 
gene. Partial repression of the aberrant splicing was 

also observed in both expression systems. Our results imply that antisense 
oligoribonucleotide treatment and SF2/ASF expression are 
possible therapeutic applications for beta-thalassemia/HbE 
disease . 
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CODEN: 69CLAC 

Conference; Meeting Abstract 
English 

Blocking of aberrant or alternative splice 

sites with antisense oligonucleotides led to restoration or modification 
of expression of several clin. relevant genes. In cells recapitulating 
. beta . -thalassemia or cystic fibrosis caused by 

splicing mutations the antisense oligonucleotides not only inhibited 
aberrant splicing but also restored correct splicing in 

a dose dependent and sequence specific fashion, generating correct human 
. beta . -globin and CFTR mRNAs and polypeptides. Similarly, 

antisense oligonucleotides restored a reading frame in the mutated murine 
dystrophin gene in cultured myotubes from mdx mice. Thus, the antisense 
oligonucleotide treatments provide potential alternatives to 
gene replacement therapies. Recent results show that 

modification of splicing by antisense oligonucleotides is also useful as 
potential anti-cancer therapy. The effects of oligonucleotide 
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English 

Priority Journals 
199911 

Entered STN: 20000111 
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AB We have characterized the functional role of SR protein-mediated 
exon/exon associations in the alternative splicing of 

exon 5 of chicken cardiac troponin T (cTnT) . We have previously shown 

that SR proteins can promote the association of the alternative 

exon 5 with the flanking constitutive exon 6 of this pre-mRNA. In this 

study, we have shown that when exons 2, 3, and 4 of the cTnT pre-mRNA are 

spliced together, the composite exon 2/3/4 contains an additional 

SR protein binding site. Furthermore, we have found that 

SR proteins can also promote interactions between the pairs of 

exons 2/3/4-5 and 2/3/4-6. We then asked whether the SR protein 

binding sites in these exons play a role in cTnT alternative 

splicing in vivo. We found that the SR protein binding 

sites in exons 2/3/4 and 6 promote exon 5 skipping, 

and it has previously been shown that the SR protein binding 

site in exon 5 promotes exon 5 inclusion. Consistent with these results, 

we find that the SR oroteiri-medi aturi sssnnistinn of e»von ?/?/_! 

w_ll.ii d is prererrea over associations involving exon b, in that exons 

2/3/4 and 6 are more efficient than exon 5 in competing an SR 

protein-mediated exon/exon association. We suggest that the relative 

strengths of SR protein-mediated associations of alternative and 

constitutive exons play a role in determining alternative 

splicing patterns . 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB Although the alternative splicing of various genes 

is a common event in human tumors, the mechanisms behind it have not been 
characterized. We hypothesized that the expression of splicing regulatory 
factors would be changed during cellular transformation. Gene expression 
of three splicing regulatory factors, aTternatxve 
splicing factor/splicing factor 2 (ASF/SF2) , 

heterogeneous nuclear ribonucleoprotein A2 (hnRNP A2 ) and the 65 kDa 
subunit of U2 small nuclear ribonucleoprotein particles auxiliary factor 
(U2AF(65)), were examined by northern blotting in a two-step chemical 
transformation model, This in vitro model is composed of BALB/3T3 cells 
and a BALB/3T3-derived N-methyl-N-nitro-N-nitrosoguanidine 
(MNNG) -initiated ceil line (MT-5) , MT-5 ceils can be transformed on 
exposure to 12-0-tetradecanoylphorbol-13-acetate (TPA) , ASF/SF2 mRNA 
levels were decreased 2-fold in both MNNG-initiated cells and TPA-induced 
transformed cells compared with the normal parental cells, 
whereas hnRNP A2 mRNA expression did not significantly change between 
these three types of cells. U2AF(65) mRNA levels were markedly increased 
(similar to 4.7-fold) associated with progression of cellular 
transformation. Moreover, RT-PCR analysis showed that distinct forms of 
ASF/SF2 mRNA were present in the MNNG-initiated cells and TPA-induced 
transformed cells but not in the parental cells, These findings indicate 
that ASF/SF2 or U2AF(65) gene expression is altered during in vitro 
two-step chemical transformation. The data suggest that the differential 
expression of splicing regulatory factors is one cause of aberrant 
expression of alternatively spliced mRNAs encoded by 
various genes in tumor cells. 
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xon 9 exclusion from the cystic fibrosis 
conductance regulator (CFTR) mRNA is associated 
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alternative splicing is modulated by a polymorphic 

polythymidine tract within its 3' splice site. We have generated a 

minigene carrying human CFTR exon 9 with its flanking intronic 

sequences and set up an in vivo model to study the cis-acting DNA elements 

which modulate its splicing. Trans fections into human ceil lines showed 

that T5, but not T9 or T7 alleles, significantly increases the 

alternative splicing of exon 9. Moreover, we found that 

another polymorphic locus juxtaposed upstream of the T tract, and 

constituted by (TG) (n) repeats, can further modulate exon 9 

skipping but only when activated by the T5 allele. Then, we 

extended our studies to the mouse CFTR exon 9 which does not 

show alternative splicing. Comparison of human and 

mouse introns 8 and 9 revealed a low homology between the two sequences 
and the absence of the human polymorphic loci within the mouse intron 3' 
splice site. We have tested a series of constructs where the whole human 
exon 9 with its flanking intronic sequences was replaced partially or 
completely by the murine counterpart. The trans fections of these 
constructs in human and murine cell lines reveal that also sequences of 
the downstream intron 9 affect exon 9 definition and co-modulate, with the 
UG/U 3' splice site sequences, the extent of exon 9 
skipping in CFTR mRNA. 
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Modulation of exon skipping by 
high-affinity hnRNP Al-binding sites and by 
intron elements that repress splice site utilization. 
Blanchette M; Chabot B 

Departement de Microbiologie et d ' Infectiologie, Faculte de 
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Entered Medline: 19990601 
AB The RNA-binding protein hnRNP Al is a splicing regulator 
produced by exclusion of alternative exon 7B from the Al 
pre-mRNA. Each intron flanking exon 7B contains a high-affinity 
Al-binding site. The Al-binding elements promote 
exon skipping in vivo, activate distal 5' splice site 
selection in vitro and improve the responsiveness of pre-mRNAs to 
increases in the concentration of Al . Whereas the glycine-rich 
C-terminal domain of Al is not required for binding, it is 
essential to activate the distal 5' splice site. Because Al 
complexes can interact simultaneously with two Al-binding sites, 
we propose that an interaction between bound Al proteins 
facilitates the pairing of distant splice sites. Based on the 
distribution of putative Al-binding sites in various pre-mRNAs, 
an Al-mediated change in pre-mRNA conformation may help define 
the borders of mammalian introns. We also identify an intron element 
which represses the 3' splice site of exon 7B. The activity of this 
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suggest that exon 7B skipping results from the 

concerted action of several intron elements that modulate splice site 
recognition and pairing. 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 

AUTHOR: 

CORPORATE SOURCE: 



rat, Dili in t; 



uUfJjIuAte 9 



1999190506 MEDLINE 
99190506 PubMed ID: 10092085 
SF2 and SRp55 regulation of CD4 5 exon 4 
skipping during T cell activation. 
Lemaire R; Winne A; Sarkissian M; Lafyatis R 

Boston University School of Medicine, The Arthritis Center, 
MA 02118, USA. 
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Journal code: 1273201. ISSN: 0014-2980. 
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Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199904 

Entered STN: 19990504 
Last Updated on STN: 19990504 
Entered Medline: 19990421 
CD4 5 is an alternatively spliced membrane phosphatase 

required for T cell activation. Exons 4, 5 and 6 can be included or 
skipped from spliced mRNA resulting in several protein isoforms that 
include or exclude epitopes referred to as RA, RB or RC, respectively, 
cells reciprocally express CD45RA or CD45RO (lacking all three exons), 
corresponding to naive versus memory T cells. Overexpression of the 
alternative splicing regulators, SF2 or SWAP, induces 
skipping of CD4 5 exon 4 in transfected COS cells. We 
show here that the arginine/serine-rich 

domain of SWAP and the RNA recognition motifs of SF2 are required for 
skipping of CD45 exon 4. Unlike SWAP, SF2 specifically 
regulated alternative splicing of CD45 exon 4, having 

no effect on a non-regulated exon of CD45 (exon 9) . Like SF2 and SWAP, 
the SR proteins SC35, SRp40 and SRp75, but 
not SRp55 also induced CD4 5 exon 4 skipping. 
In contrast, antisense inhibition of SRp55 induced exon 
4 skipping. SF2 and SRp55 proteins were not 

detectable or expressed at a very low level in freshly isolated CD45RA+ 



expression from CD45RA to CD45RO, and induced "a large increase in 
expression of both SF2 and SRp55. Thus, SF2 at least in part 
determines splicing of CD45 exon 4 during T cell activation. 
SRp55, SR protein phosphorylation, or other splicing 

factors likely regulate CD45 splicing in CD45RO+ memory T cells. The 
different SR proteins expressed by memory and activated T cells 
emphasize the different phenotypes of these cell types that both express 
CD4 5RO. 
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AB BACKGROUND: In neurones, alternative splicing 

regulates the functions of many gene products. However, the molecular 
basis of neural-specific splicing, and how splicing regulation is 
modulated in different neurones remains to be determined. RESULTS: We 
cloned two new SR proteins, Neural-salient SR proteins 

(NSSR) 1 and 2, which are present at higher levels in brain and testis. 
During the differentiation, NSSR 1 is detected only in the neuronal stage. 
Both the purified recombinant NSSR 1 and 2 proteins enhance the in vitro 
splicing activity of nuclear extract. Moreover, recombinant NSSR 1 
protein enhances the assembly of ribonucleoprotein complexes with S100 
fraction. Over-expression of NSSR 2 prevents the inclusion of either the 
Flip or Flop exons in the splicing of the GluR-B gene, resulting in an 
increase in the abnormal exon- skipping product. In 

contrast, transient transfection with NSSR 1 promotes the inclusion of the 

Flip exon so that the abnormal product is spliced to 

the mature spliced form. This suppression of exon 

skipping by NSSR 1 is observed even with co-transf ection of NSSR 

2. CONCLUSIONS: NSSR 1 and 2 were cloned from mouse cDNA libraries. 

Results indicate that NSSR 1 may play a crucial role in the regulation of 

alternative splicing in neurones . 



L2 9 ANSWER 22 OF 7 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 

AUTHOR t S 1 : 

CORPORATE SOURCE: 



SOURCE: 

PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 

AB To det . whethe 
region is asso 
(SCC) , the aut 
alternative tr 
SCC cell lines 
analyses . Alt 
the cell lines 



3 HCAPLUS COPYRIGHT 2003 ACS 
1999:554255 HCAPLUS 
132:91514 

Inactivation patterns of the pl6 (INK4a) gene in oral 
squamous cell carcinoma cell lines 

Ak^snurnfl . D. : [l7awa . N! : YnehiHs. M a • Noni ohi & 

Amagasa, T . ; ikeuchi, T. 

Department of Molecular Cytogenetics, Medical Research 

Institute, First Department of Oral and Maxillofacial 

Surgery, Faculty of Dentistry, Tokyo Medical and 

Dental University, Tokyo, 113-0034, Japan 

Oral Oncology (1999), 35(5), 476-483 

CODEN: EJCCER; ISSN: 1368-8375 

Elsevier Science Ltd. 

Journal 

English 

r inactivation of the pl6 gene mapped to the chromosome 9p21 
cd. with the development of oral squamous-cell carcinoma 
hors investigated the mutational states of two forms of 
anscripts (.alpha, and .beta.) from the pl6 gene in 14 oral 

by RT-PCR, PCR, direct sequencing, and methylation 
erations of the .alpha, transcript were detected in all of 

examd. : homozygous deletions in three lines; subtle 
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muhat i ons in p>rnns 1 . alpha . or 2 in four lines; 

exon 2 in two lines; hypermethylation of the 5' CpG island of the 
pl6 gene in four lines; and an unknown mechanism in one line. 
Abnormalities of the .beta, transcript were obsd. in seven of the 14 cell 
lines. Nonetheless, the mutations that essentially affect the function of 

— p.^^*.^^*. ..^j.v- ivuHu "'"j-i j-ii xj-vc v^cj-j. xinca, uit-iuuiiiy unxee 

lines with homozygous deletion. There was no cell line having only .beta, 
transcript alterations. Thus, alteration of the .alpha, transcript of the 
pl6 gene was a highly frequent event in oral SCC. Since this type of 
alteration resulted in gene inactivation through multiple pathways, it may 
play a major role in the process of oral SCC development. 
REFERENCE COUNT: 2 9 THERE ARE 2 9 CITED REFERENCES AVAILABLE FOR THIS 
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Sensitivity of splice sites to antisense oligonucleotides 
in vivo 
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CHAPEL HILL, NC 27599 (Reprint); UNIV N CAROLINA, 
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RNA-A PUBLICATION OF THE RNA SOCIETY, (MAR 1999) Vol. 5, 
No. 3, pp. 369-377. 

Publisher: CAMBRIDGE UNIV PRESS, 40 WEST 20TH STREET, NEW 
YORK, NY 10011-4211. 
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Article; Journal 
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40 

* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS * 
A series of HeLa cell lines which stably express beta-globin pre-mRNAs 
carrying point mutations at nt 654, 705, or 745 of intron 2 has been 
developed. The mutations generate aberrant 5' splice 

sites and activate a common 3' cryptic splice site upstream leading to 
aberrantly soliced beta-alobin m.RNA . Anti.sen.se>. olinnnnrlsntiripq. wH-i.-h ir, 
vivu uiuuneu aoecranL spuce sires ana restorea 

correct splicing of the pre-mRNA, revealed major differences in the 
sensitivity of these sites to antisense probes. Although the targeted 
pre-mRNAs differed only by single point mutations, the effective 
concentrations of the oligonucleotides required for correction of splicing 
varied up to 750-fol.d. The differences among the aberrant 5' 
splice sites affected sensitivity of both the 5' and 3' splice 
sites; in particular, sensitivity of both splice sites was severely 
reduced by modification of the aberrant 5' splice 

sites to the consensus sequence. These results suggest large differences 
in splicing of very similar pre-mRNAs in vivo, They also indicate that 
antisense oligonucleotides may provide useful tools for studying the 
interactions of splicing machinery with pre-mRNA. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
AB We employed reverse transcription polymerase chain reaction (RT-PCR) to 

detect alternatively spliced CD36 mRNA in human 

peripheral blood mononuclear cells (PBMC) . Sequencing of cloned cDNA 
revealed alternatively spliced mRNA molecules in 13 
out of 39 clones. We observed exon skipping of up to 

10 out of 12 coding exons in eight alternative transcripts. Additionally, 
in five of the transcripts, alternative splice donor 

or acceptor sites were used during mRNA maturation. Considering the CD36 
molecule serves many functions in coagulation, host defence, lipid 
metabolism, and scavenging, we speculate that the proteins encoded by the 
alternatively spliced mRNA molecules may be involved in 
regulation of both CD36 gene expression and function. 

The human CD36 molecule is a 78-88 kDa glycoprotein belonging to the 
class B scavenger receptor (SR) gene family (Endemann et al., 
1993). In humans the gene has been localized to chromosome 7 (7qll.2 band) 
(Fernandez-Ruiz et al., 1993). The protein has two hydrophobic amino acid 
domains, located at both the carboxy and the amino terminals. Soluble 
carboxy-terminal truncation mutants binding to thrombospondin showed 
evidence for a single transmembrane region (carboxy-terminal) (Pearce et 
al., 1994). However; controversial data (Tao et al . , 1996) suggest the 
amino terminal hydrophobic region is associated with the outer surface of 
the cytoplasmic membrane. Six carboxy-terminal amino acids are reported to 
be located in the cvtocl asm fVecra et al . . 1 QQi \ t-f t-hsro M oro = 5^,-.,-,^,-! 
amnio terminal transmemorane region, anotner six amino acids would be 
located in the cytoplasm. The single large extracellular domain contains 
most of the potential N-glycosylation sites in its amino-terminal region, 
whereas the carboxy-terminal region is rich in conserved proline, glycine 
and cysteine residues (Greenwalt et al., 1992). 
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The same mutation affecting the splicing of WT1 gene 
is present on Frasier syndrome patients with or 
without Wilms ' tumor 
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Department of Immunology, Institute of Biomedical 

Sciences, University of Sao Paulo, Sao Paulo, Brazil 

Human Mutation (1999), 13(2), 146-153 

CODEN: HUMUE3; ISSN: 1059-7794 

Wiley-Liss, Inc. 

Journal 

English 

and Frasier syndromes are rare human disorders that assoc. 

with gonadal and genital abnormalities. In DDS there is a 
ion to Wilms' tumor. Heterozygous point mutations in the 
r, type 1 gene (WT1), particularly those altering the zinc 

encoding exons, have been reported in most DDS patients, while 



mutations in intron 9 of the same gene cause FS . This paper describes two 
cases of DDS, one FS and one patient with Wilm's tumor and intersex 
genitalia, in which mutations were searched by sequencing the exons 8 and 
9 of WT1 gene. Patient 1 carried a missense (sic) point mutation in exon 
8 (ZF2), converting a CGA-Arg codon to a TGA-stop codon. Patient 2 
presented a single nucleotide deletion within exon 9 (ZF3) introducing a 
premature chain termination at codon 398. Patients 3 and 4 had a 
C . f wdarw . T transition. at position +4 of the 
second alternative splice donor site of exon 9 (this 

mutation was detected in peripheral blood and in tumor derived DNA of 
patient 3). However, patient 3 had previously developed a Wilms' tumor. 
This is the first case of Wilms' tumor development in a phenotypically and 
genetically confirmed case of FS . 
REFERENCE COUNT: 27 THERE ARE 27 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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Entered Medline: 19990720 
AB In the ets gene family of - transcription factors, ELK1 belongs to the 
subfamily of Ternary Complex Factors (TCFs) which bind to the Serum 
Response Element (SRE) in conjunction with a dimer of Serum 
Response Factors (SRFs) . The primary structure of the human 
Elkl gene was determined by genomic cloning. The gene structure of Elkl 
spans 15.2 kb and consists of seven exons and six introns . The coding 
sequence resides on exons 3, 4, 5, 6 and 7. Sequencing of cDNA clones 
isolated from human hippocampus library revealed that the second 
exon was often skipped by an alternative 

splicing event. All introns commenced with nucleotides GT at the 

5' boundary and ended with nucleotides AG at the 3' boundary, in agreement 
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acceptance sites. Sequence inspection of the 5 '-flanking region revealed 
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the absence of a 'TATA' box and the presence of putative cis-acting 
regulatory elements such as Spl, GATA-1, CCAAT , and c-Myb. Moreover, 
sequence analysis of Elk2 locus on 14q32.3 confirmed that Elk2 gene 



the 



processed pssudoycitc uf Elkl which has been reported 



between alpha 1 gene (IGHA1) and pseudo gamma gene (IGHGP) of 
immunoglobulin heavy chain. Furthermore, the results of Southern analysis 
using DNAs from human-mouse hybrid cell lines carrying a part of 14q32 
region revealed that there is another locus hybridizing to Elkl cDNA on 
14q32.2 — > qter region in addition to Elk2 locus between IGHA1 and IGHGP 
loci . 
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JOURNAL OF BIOLOGICAL CHEMISTRY, (24 APR 1998) Vol. 27 3, 
No. 17, pp. 10331-10337. 

Publisher: AMER SOC BIOCHEMISTRY MOLECULAR BIOLOGY INC, 
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ISSN: 0021-9258. 
Article; Journal 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS * 
The insulin receptor exists as two isoforms, A and B, that result from 
alternative splicing of exon 11 in the primary 
transcript. We have shown previously that the alternative 
splicing is developmentally and hormonally regulated. 

Consequently, these studies were instigated to identify sequences within 
the primary RNA transcript that regulate the alternative 

RDljcino. Mi n"i nenps mtit-qininn ovnnc in. 11 =r,H 19 •*-K<=> 

intervening mtrons were constructed and transfected into HepG2 cells, 
which contain both isoforms of the insulin receptor. The cells were able 
to splice the minigene transcript to give both A (- exon 11) and B-like (+ 
exon 11) RNAs . A series of internal deletions within intron 10 were tested 
for their ability to give A and B RNAs. Intron 10 contained two sequences 
that modulated exon 11 inclusion; a 4 8-nucleotide purine-rich sequence at 
the 5' end of intron 10 that functions as a splicing enhancer and causes 
an increase in exon 11 inclusion, and a 43-nucleotide sequence at the 3' 
end of intron 10 upstream of the branch point sequence that favors 
skipping of exon 11. Increasing the length of the 

polypyrimidine tract at the 3' end of intron 10 caused exon 11 to be 
spliced constitutively, indicating that a weak splice site is required for 
alternative splicing. Finally, point mutations, 

insertions, and deletions within exon 11 itself were able to regulate 
inclusion of the exon both positively and negatively. 
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Regulation of Ich-1 pre-mRNA alternative 
splicing and apoptosis by mammalian splicing 
factors . 
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Entered STN: 19980917 
Last Updated on STN: 20021218 
Entered Medline: 19980908 
AB The importance of alternative splicing in regulating 

apoptosis has been suggested by findings of functionally antagonistic 
proteins generated by alternative splicing of several 

genes involved in apoptosis. Among these, Ich-1 (also named as caspase-2) 
encodes a member of the caspase family of proteases. Two forms of Ich-1 
are produced as a result of alternative splicing: 

Ich-IL, which causes apoptosis, and Ich-lS, which prevents apoptosis. The 
precise nature of Ich-1 alternative splicing and its 

regulation remain unknown. Here, we show that the production of Ich-IL 
and Ich-lS transcripts results from alternative exclusion or inclusion of 
a 61-bp exon. Several splicing factors can regulate Ich-1 splicing. 
Serine-arginine-rich proteins SC35 and ASF/SF2 
promote exon skipping, decreasing the ratio of Ich-lS 

to Ich-IL transcripts; whereas heterogeneous nuclear ribonucleoprotein 
Al facilitates exon inclusion, increasing this ratio. 

Furthermore, in cultured cells, SC35 overexpression increases apoptosis; 
whereas heterogeneous nuclear ribonucleoprotein Al 

overexpression decreases apoptosis. These results provide the first 
direct evidence that splicing factors can regulate Ich-1 
alternative splicing and suggest that 

alternative sialici-ncr uav be an imnnrt-anh rpnul a)-nrw 
mecnanism ror apoptosis . 
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Separable roles in vivo for the two RNA binding domains of 
Drosophila Al-hnRNP homolog. 
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Department of Microbiology, University of Virginia, 
Charlottesville 22908, USA. 
GM-39271 (NIGMS) 

RNA, (1998 Dec) 4 (12) 1585-98. 
Journal code: 9509184. ISSN: 1355-8382. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 



Search completed by David Schreiber 308-4292 



Kam 09/871, 809 



ENTRY MONTH : 199812 

ENTRY DATE: Entered STN: 19990115 

Last Updated on STN: 20021218 

Entered Medline: 19981229 
AB We analyzed the roles of the three domains of a Drosophila hnRNP 

* ^s*.^ j- o iuii wj. v»j_ j_^ — i_yj_>c auu lUULdiiL VBI'SloriS or 

HRB87F/hrp36 in Drosophila melanogaster . HRB87F/hrp36 is one of two 
Drosophila proteins that is most similar to mammalian Al hnRNP, 
and like Al, consists of two copies of the RNA-binding domain 
(RBD) motif followed by a glycine-rich domain (GRD) . The role of the 
domains in nuclear localization and RNA binding to polytene chromosomal 
sites was determined. RBD-1 and the GRD were largely responsible for both 
the cellular location of the protein and for the typical chromosomal 
d±s1rrll5u~lri~o~n pattern of the protein at sites of PolII transcription. 
RBD-1 also provided a role in the exon- skipping 

activity of the protein that was not provided by RBD-2 . On the other 
hand, RBD-2 and the GRD were responsible for the very limited chromosomal 
distribution pattern seen upon heat shock, when HRB87F/hrp36 is 
sequestered at heat-shock puff 93D, which encodes a long 
nucleus-restricted RNA. Thus, these studies indicate that the two RBDs 
function independently of each other but in concert with the GRD. In 
addition, the self-association property of the GRD was strikingly evident 
in these overexpressed proteins. 
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AB A recently identified G to A mutation at the last nucleotide of exon 6 of 
the sterol 27-h'.?drnxv]q.qp nens fr.YP 97 1 in a nat-iont wi +-h r-orohr^ c r,^,, 0 
xanrnomarosis (<jtaj was snown nere to cause alternative pre-mRNA 
splicing of the gene.. Northern blot anal, of the patient's RNA 
revealed a broadened band in the human CYP 27 mRNA region compared to that 
of the normal sample, indicating that there may exist 

differently spliced mRNA species in the patient. RT-PCR produced three 
fragments in the patient, one was full-length size and the other two were 
of smaller sizes. Sequence anal, confirmed that the nucleotide of the 
full-length size was identical to that of the normal full-length 
cDNA, except for the G to A mutation at codon 362, which corresponds to 
the last nucleotide of exon 6. One of the smaller size species lacked 
exon 6 and the other was absent from the 3' terminal 88 bp of exon 6 due 
to the use of an activated cryptic 5' splice site in exon 6. The 
correctly spliced mRNA harboring the G to A mutation was responsible for 
the deficiency of the sterol 27-hydroxylase activity, as confirmed by 
transfection expt . Transfection of constructed minigenes, with or without 
the mutation, showed that correctly spliced mRNA was obsd. in the 
normal minigene while the mutant minigene was differently spliced. 
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of an exon resulting in both normal and abnormal 
pre-mRNA splicings, including exon skipping 

and activating of a coding region cryptic 5' splice site. The results 
reveal a new mol . basis for the CTX and provide information on 
aberrant splicing of pre-mRNA in muiti-exon genes. 
REFERENCE COUNT: 4 2 THERE ARE 4 2 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L2 9 ANSWER 31 OF 7 3 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



HCAPLUS COPYRIGHT 2003 ACS 
1998:292807 HCAPLUS 
129 : 90895 

Modification of alternative splicing 



AUTHOR (S) : 
CORPORATE SOURCE: 



SOURCE: 



DOCUMENT TYPE 
LANGUAGE : 



of pre-mRNA by antisense oligonucleotides 
Kole, Ryszard 

Lineberger Comprehensive Cancer Center and Department 
of Pharmacology, University of North Carolina, Chapel 
Hill, NC, 27599, USA 

Applied Antisense Oligonucleotide Technology (1998), 
451-469. Editor(s): Stein, C. A.; Kreig, Arthur M. 
Wiley-Liss: New York, N. Y. 
CODEN: 65ZQAC 

Conference; General Review 
English 

AB A review with several refs. The novel application of antisense 
oligonucleotides is accomplished by targeting aberrant 
splice sites created by mutations in certain genetic diseases such 
as thalassemia or cystic fibrosis. Blocking these 
splice sites prevents aberrant splicing and 

forces the splicing machinery to reselect correct splice sites thus 
restoring the proper splicing pathway and the activity of the damaged 
gene. The first part of this chapter deals with the mechanism of splicing 
and the suitability of splice sites and other sequence elements as targets 
for antisense oligonucleotides. The remaing part reviews the use of 
antisense oligonucleotides as modifiers of splice site selection. 
REFERENCE COUNT: 67 THERE ARE 67 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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gene are disparate splice effectors. 

Hoffmeyer S; Nurnberg P; Ritter H; Fahsold R; Leistner W; 
Kaufmann D; Krone W 

Abteilung Humangenetik, Universitat Ulm, Ulm, Germany. . 
sven . hof fmeyer@medizin . uni-ulm . de 

AMERICAN JOURNAL OF HUMAN GENETICS, (1998 Feb) 62 (2) 
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Journal code: 0370475. ISSN: 0002-9297. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 
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are known to disrupt gene function in different ways. They 
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premature-termination codons (PTCs) and frequently affect the metabolism 

of the corresponding mRNAs . The analysis of neurof ibromin transcripts 

from different neurofibromatosis type 1 (NF1) patients revealed the 

skipping of exons containing PTCs. The phenomenon of exon 

skipping induced by nonsense mutations has been described for 

other disease genes, including the CFTR (cystic 

fibrosis transmembrance conductance regulator) gene and the 

fibrillin gene. We characterized several stop mutations localized within 

a few base pairs in exons 7 and 37 and noticed complete skipping 

of either exon in some cases. Because skipping of 

exon 7 and of exon 37 does not lead to a frameshift, PTCs are 

avoided in that way. Nuclear-scanning mechanisms for PTCs have been 

postulated to trigger the removal ot the affected exons from the 

transcript. However, other stop mutations that we found in either NF1 

exon did not lead to a skip, although they were localized within the same 

region. Calculations of minimum-free-energy structures of the respective 

regions suggest that both changes in the secondary structure of the mRNA 

and creation or disruption of exonic sequences relevant for the splicing 

process might in fact cause these different splice phenomena observed in 

the NFi gene . 
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Role of an inhibitory pyrimidine element and 

polypyrimidine tract binding protein in repression of a 

regulated alpha- tropomyosin exon 

Gooding C; Roberts G C; Smith C W J (Reprint) 

UNIV CAMBRIDGE, DEPT BIOCHEM, 80 TENNIS COURT RD, OLD 

ADDENBROOKES SITE, CAMBRIDGE CB2 1GA, ENGLAND (Reprint); 
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RNA-A PUBLICATION OF THE RNA SOCIETY, (JAN 1998) Vol. 4, 
No. 1, pp. 85-100. 

Publisher: CAMBRIDGE UNIV PRESS, 40 WEST 20TH STREET, NEW 

YORK, NY 10011-4211. 

ISSN: 1355-8382. 

Article; Journal 

LIFE 

English 

c o 



AB 



'ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
Splicing of exons 2 and 3 of alpha-troporayosin (TM) involves mutually 
exclusive selection of either exon 3, which occurs in most cells, or of 
exon 2 in smooth muscle (SM) cells. The SM-specific selection of exon 2 
results from the inhibition of exon 3. At least two essential cis-acting 
elements are required for exon 3 inhibition, the upstream and downstream 
regulatory elements (URE and DRE) . These elements are essential for 
repression of TM exon 3 in SM cells, and also mediate a low level of 
repression of exon 3 in an in vitro 5' splice site competition assay in 
HeLa extracts. Here, we show that the DRE consists of at least two 
discrete components, a short region containing a number of UGC motifs, and 
aln essential pyrimidine-rich tract (DY). We show that the specific 
sequence of the DY element is important and that DY is able to bind' to 
factors in HeLa nuclear extracts that, mediate a low background level of 
exon 3 skipping. Deletion of a sequence within DY 

identified as an optimal binding site for PTB impairs (1) regulation of 
splicing in vivo, (2) skipping of exon 3 in an in 
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affect the 5' splice site competition in vitro, and (4) binding of PTB to 
DY. Addition of recombinant PTB to in vitro splicing reactions is able to 
partially reverse the effects of the DY competitor RNA. The data are 
consistent with a model for regulation of TM splicing that involves the 

— „ — ^.v-^^-^.x »/ U L.. i_j.ooui<= anu yeneidi inniDitory ractors and 

in whxch PTB plays a role in repressing both splice sites of exon 3. 
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Max Planck Institute for Immunobiology, Freiburg, Germany. 
EMBO JOURNAL, (1997 Aug 15) 16 (16) 5077-85. 
Journal code: 8208664. ISSN: 0261-4189. 
ENGLAND: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199710 

Entered STN: 19971105 
Last Updated on STN: 19971105 
Entered Medline: 19971017 
SRp20 is a member of the highly conserved SR family of 

splicing regulators. Using a variety of reporter gene constructs, we show 
that SRp20 regulates alternative splicing of 

its own mRNA. Overexpres sion of SRp20 results in a reduction in 
the level of exon 4 -skipped SRp20 

transcripts and activates the production of transcripts containing exon 4. 

These exon 4-included transcripts encode a truncated protein lacking the 

C-terminal RS domain. We provide evidence that SRp20 probably 

enhances the recognition of the otherwise unused, weak splice acceptor of 

exon 4. The recognition of exons with weak splice acceptor sites may be a 

general activity of SRp20. Unexpectedly, ASF/SF2, another 

member of the SR family, antagonizes the effect of SRp20 

on SRp20 pre-mRNA splicing and suppresses the production of the 

exon 4-included form. Our results indicate that ASF/SF2 suppresses the 

use of the alternative exon 4, most likely by inhibiting the recognition 

of the splice donor of exon 4. These results demonstrate, for the first 

time, an auto-roan 1 ator-v ar+iv/it-w r-.-f =sr-, qtj r-. c ; ^.^ 

diiLagonizea oy a second sr. protein. 
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An intron element modulating 5' splice site selection in 
the hnRNP Al pre-mRNA interacts with hnRNP 
Al . 

Chabot B; Blanchette M; Lapierre I; La Branche H 
Departement de Microbiologie , Faculte de Medecine, 
Universite de Sherbrooke, Quebec, Canada., 
b . chabot@courrier . usherb . ca 

MOLECULAR AND CELLULAR BIOLOGY, (1997 Apr) 17 (4) 1776-86. 
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Journal; Article; (JOURNAL ARTICLE) 
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AB The hnRNP Al pre-mRNA is alternatively spliced 

to yield the Al and Alb mRNAs, which encode proteins differing 
in their ability to modulate 5' splice site selection. Sequencing a 
genomic portion of the murine Al gene revealed that the intron 
separating exon 7 and the alternative exon 7B is highly conserved between 
mouse and human. In vitro splicing assays indicate that a conserved 

element (CE1) from the central portion of the intron shifts selection 

toward the distal donor site when positioned in between the 5' splice 

sites of exon 7 and 7B. In vivo, the CE1 element promotes exon 

7B skipping. A 17-nucleotide sequence within CE1 (CEla) is 

sufficient to activate the distal 5' splice site. RNase Tl 

protection/immunoprecipitation assays indicate that hnRNP Al 

binds to CEla, which contains the sequence UAGAGU, a close match to the 

reported optimal Al binding site, UAGGGU . Replacing CEla by 

different oligonucleotides carrying the sequence UAGAGU or UAGGGU 

maintains the preference for the distal 5' splice site. In contrast, 

mutations in the AUGAGU sequence activate the proximal 5' splice site. In 

support of a direct role of the A1-CE1 interaction in 

5 ' -splice-site selection, we observed that the amplitude of the shift 
correlates with the efficiency of Al binding. Whereas addition 
of SR proteins abrogates the effect of CE1, the presence of CE1 
does not modify Ul snRNP binding to competing 5' splice sites, as judged 
by oligonucleotide-targeted RNase H protection assays. Our results 
suggest that hnRNP Al modulates splice site selection on its own 
pre-mRNA without changing the binding of Ul snRNP to competing 5' splice 
sites . 
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The sex-lethal early splicing pattern uses a default 
mechanism dependent on the alternative 5' 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
The Sex-lethal (Sxl) early transcripts have a unique 5' exon and a 
splicing pattern that differs from that of the late transcripts 
late transcripts are regulated sex specifically by control of exon 3 
inclusion, the early transcripts are not. While the late transcripts 
include exon 3 by default, the early transcripts skip 
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exon 3. Splicing patterns of a reporter gene that mimics the early 
transcript, and its variants, were analysed in Drosophila transf ormants 
and tissue culture cells. The results demonstrate that the early, in 
contrast to the late, splicing pattern is not regulated by stage-specific 
or sex-specific trans-acting factors, and so the pattern appears to arise 
from some type of intrinsic splice site preference or compatibility. 
Inclusion or exclusion of exon 3 is determined by the identity of the 
upstream 5' splice site region as late or early. The important region of 
the early exon lies within 233 nucleotides of the immediately adjacent 
intron . 
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RNA-A PUBLICATION OF THE RNA SOCIETY, (SEP 1997) Vol. 3, 
No. 9, pp. 996-1015. 

Publisher: CAMBRIDGE UNIV PRESS, 40 WEST 20TH STREET, NEW 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Tissue-and stage-specific alternative splicing 
events are widespread in mammals, yet the factors and mechanisms that 
direct these important posttranscriptional events are poorly understood. 
In this study, we focus on the 24-nt exon of the GABAA receptor gamma 2 
pre-mRNA, which is subject to neuron-specific and developmental splicing 
regulation in the rat cerebellum. Here we show biochemical evidence for a 
mechanism that directs the selective repression of the neuron-specific 
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evidence includes the discovery that the pathway of gamma 2 pre-mRNA 
splicing switches from exon skipping to exon 

selection in splicing reactions with a short RNA competitor containing the 
3' splice site region upstream of the 24-nt exon. In this assay, exon 
selection results from the coordinate activation of both flanking introns . 
A detailed dissection of this pre-mRNA region shows that it contains four 
repressor sites clustered around the branch site and extending into the 
24-nt exon. These repressor sites are pyrimidine rich and bind avidly to 
the polypyrimidine tract binding protein (PTB) in HeLa nuclear extracts as 
determined by UV crosslinking/competition assays. Repression of the exon 
selection pathway is closely associated with the appearance of a specific 
RNA-protein complex, indicative of an inhibitor complex, that assembles on 
the repressor array. Upon the switch to the exon selection pathway, a 
substantial decrease in the inhibitor complex and a reciprocal increase in 
spliceosome complex A is observed. Excess recombinant PTB squelches the 
splicing switch and reestablishes exon skipping as the 

predominant splicing pathway. Extracts prepared from rat brain nuclei show 
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f conventional PTB compared to other splicing factors. 

rat brain nuclear extracts contain an activity that 
logous inhibitor complex efficiently. We report a 59-kDa 
ich has an electrophoretic mobility distinct from HeLa and 
and which behaves in RNA binding assays as if it is the 
in rat brain. Evidence that rat brain p59 is structurally 
terns from western blot and immunoprecipitation analysis 
1 antibody specific for the hnRNP I isoform of PTB. A 

how the repressor array directs coordinate splicing 
anking introns in the context of overlapping positive 
nts is discussed. The sequence, (5') UUCUCU (3'), in a 
xt is associated with one class of intron splicing 
th at hinds PT B in a variety of pre-mRNAs that are 



regulated by tissue-specific programs. 
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AB Eukaryotic pre-mRNA splicing is regulated by consensus sequences at the 
intron boundaries and branch site. Recently, Sirand-Pugnet et al. 
reported the importance of an additional intronic sequence, an ( A/U) GGG 
repeat in chicken beta-tropomyosin that is a binding site for a protein 
required for spliceosome assembly. Interestingly, we have detected 
mutations in IVS3 of the human growth hormone (GH) gene that affect a 

In a series of dominant-negative GH mutations that cause exon 
skipping, we found two mutations that do not occur within the 5 ' 
and 3' splice sites, or branch consensus sites. The first mutation is a 
G-->A transition of the 28th base (+28G-->A) of and the second deletes 18 
bp (del+28-45) of IVS3 of the human GH gene. These mutations segregated 
with autosomal dominant GH deficiency in both kindreds and no other 
allelic GH gene changes were detected. RT-PCR amplification of 
transcripts from expression vectors containing the +28G — >A or del+28-45 
alleles yielded products showing a >10-fold preferred use of 
alternative splicing, similar to findings previously 

reported for IVS3 donor site mutations. Both mutations are located 28 bp 
downstream from the 5' splice site and examination of the sequences 
perturbed revealed an intronic XGGG repeat similar to the repeat found to 
regulate mRNA splicing in chicken beta-tropomyosin. Interestingly, the 
XGGG repeats involved in our mutations exhibit homologous spacxng to those 
in a so-called 'winner' RNA sequence. Binding of Al 

heterogeneous nuclear ribonucleoprotein (hnRNP) by 'winner' sequences in 
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packaging and transport as well as 5' splice site selection in pre-mRNAs 
that contain multiple 5' splice sites. Our. findings suggest that (i) XGGG 
repeats may regulate alternative splicing in the human 
GH gene and (ii) mutations of these repeats cause GH deficiency by 
perturbing alternative splicing. Mutations of 

homologous intron sequences may underlie other human diseases. 
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Exon 7B in the hnRNP Al pre-mRNA is alternatively 
spliced to yield Al and A1(B), two proteins 

that differ in their ability to modulate 5' splice site selection. 
Sequencing the murine intron downstream of exon 7B revealed the existence 
of several regions of similarity to the corresponding human intron. In 
vitro splicing assays indicate that an 84-nt region (CE6IO) decreases 
splicing to the proximal 5 ' splice site in a pre-mRNA carrying the 5 ' 
splice sites of exon 7 and 7B. In vivo, the CE6IO element promotes 
exon 7B skipping in pre-mRNAs expressed from a mini-gene 
containing the hnRNP Al alternative splicing 

unit. Using oligonucleotide-targeted RNase H cleavage assays, we provide 
support for the existence of highly stable base pairing interactions 
between CE6IO and the 5' splice site region of exon 7B. Duplex formation 
occurs in naked pre-mRNA, resists incubation in splicing extracts, and is 
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complexes to the 5' splice site of exon 7B. Our results demonstrate that 
pre-mRNA secondary structure plays an important role in promoting 
exon 7B skipping in the Al pre-mRNA. 
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Constitutive APC exon 14 skipping 

in early-onset familial adenomatous polyposis reveals 
a dramatic quantitative distortion of APC 
gene-specific isoforms 
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AB Adenomatous polyposis coli (APC) gene transcripts skipping 
exon 14 in combination with the alternatively 

spliced exons 9 and 10A contribute to the heterogeneity of 
physiol. APC mRNA isoforms. Here the authors report on a novel 
genotype-phenotype correlation in familial adenomatous polyposis (FAP) 
with early onset of disease and malignancy due to an APC exon 14 splice 
defect. Compared to controls, two affected individuals of a FAP kindred 
presented with a significantly distorted APC mRNA isoform pattern in B 
lymphocytes. As a result of an A.fwdarw.G transition in the canonical 
AG-splice acceptor dinucleotide of exon 14, expression levels of all APC 
mRNA isoforms without exon 14 were dramatically increased and those with 
exon TA were simultaneously decreased. Skipping of exon 

14 is a physiol. event also seen in nonmalignant cells, which results in a 
frameshift to produce low-mol . -wt . APC proteins. Western blot anal, of 
the patients' lymphoblastoid B cells revealed the identification of 
intracellularly stable APC protein isoforms with an M, of 55-67 kDa and, 
thus, the first demonstration of APC proteins encoded by exon 
14-skipped transcripts. The authors postulate that the quant, 
imbaianced expression of these physiol. APC light chains represents a 
novel pathogenetic mechanism assocd. with predisposition to FAP. 
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Genomic structure and promoter region of the murine 
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Jak3 were isolated to determine the intron-exon structure of the gene and 
to investigate the phylogeny of Jak-family kinases. The murine Jak3 gene 
comprises approximately 15 kbp of genomic DNA and consists of 23 exons. 
The organization of sequences encoding the pseudo-kinase domain of Jak3 is 
similar to the intron-exon structure encoding catalytic domains of 
Src-family tyrosine kinases, whereas the pattern of introns-exons 
encoding the Jak3 kinase domain shows no structural similarity to that of 
other tyrosine kinase genes. Genomic analysis further indicates that 
alternative splicing gives rise to different forms of 

the murine Jak3 mRNA encoding different isoforms of the Jak3 protein. 
Analysis of Jak3 intron-exon structure also suggests that a mutation in 
the human JAK3 gene responsible for a severe combined immune deficiency 
(SCID) phenotype results from aberrant splicing of the 

JAK3 transcript. Finally, potential regulatory sequences in the upstream 
region of the murine Jak3 gene were analyzed and are discussed in relation 
to the known expression pattern of Jak3. 
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MUSCLE-SPECIFIC SPLICING ENHANCERS REGULATE INCLUSION OF 
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RYAN K J; COOPER T A (Reprint) 
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AB 



ISSN: 0270-7306. 
Article; Journal 
LIFE 
ENGLISH 
64 

^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
The alternative exon 5 of the striated muscle-specific cardiac troponin 
T (cTNT) gene is included in mRNA from embryonic skeletal and cardiac 
muscle and excluded in mRNA from the adult, The embryonic splicing pattern 
is reproduced in primary skeletal muscle cultures for both the endogenous 
gene and transiently transfected minigenes, whereas in nonmuscle cell 
lines, minigenes express a default exon skipping 

pattern, Using this experimental system, we previously showed that a 
purine-rich splicing enhancer in the alternative exon 

functions as a constitutive splicing element but not as a target for 
factors regulating cell-specific splicing, In this study, we identify four 
intron elements, one located upstream and three located downstream of the 
alternative exon, which act in a positive manner to mediate the embryonic 
splicing pattern of exon inclusion. Synergistic interactions between at 
least three of the four elements are necessary and sufficient to regulate 
splicing of a heterologous alternative exon and 
heterologous splice sites, Mutations in these elements prevent 
activation of exon inclusion in muscle cells but do not affect the default 
level of exon inclusion in nonmuscle cells. Therefore, these elements 
function as muscle specific splicing enhancers (MSEs) and are the first 
muscle-specific positive-acting splicing elements to be described. One MSE 
located downstream from the alternative exon is conserved in the rat and 
chicken cTNT genes, A related sequence is found in a third muscle-specific 



exon with a developmental pattern of alternative 

splicing similar to that of rat and chicken cTNT . Therefore, the 
MSEs identified in the cTNT gene may play a role in developmentally 
regulated alternative splicing in a number of 
different genes. 
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A short CIC-2 mRNA transcript is produced by exon 
skipping. 
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Entered STN: 19961219 
Last Updated on STN: 20000303 
Entered Medline: 19961125 
AB CIC-2 is a voltage- and volume-regulated chloride channel expressed in 
many tissues. We have shown that CIC-2 in rat lung airways is 
significantly dowh-regulated after birth [Murray, C.B. et al . (1995) Am. 

J. R espi r . Cell Mo l - Ri nl . , 12 , 597-604] , During PCR amplification 

from rat lung cDNA, a second transcript was identified which is 60 bp 
shorter than the full length sequence. The peptide translated from this 
60 bp sequence contains many positively charged amino acid residues. Rat 
genomic DNA sequencing showed that the 60 bp sequence is an intact exon . 
A 71% pyrimidine content and an AAG 3 '-end splice site in the intron 
immediately upstream from the 60 bp sequence were identified which may 
account for the alternative splicing of the following 

exon. Human genomic sequence analyses demonstrated similar intron-exon 
arrangement. A high CT content and an AAG 3' acceptor site were conserved 
in the intron corresponding to the rat upstream intron. The presence of 
the full length short form transcript was confirmed in rat kidney by 
RT-PCR, and the ratio of the long and the short form transcripts varied 
significantly according to the tissues examined, with the lowest 
long/short form ratio found in the lung among the tissues studied. Our 
data demonstrated that the alternatively spliced short 
form (CIC-2S) is transcribed in many rat tissues, the ratio of the 
long/short form transcripts is lower in the lung compared with the brain, 
and the genomic organization in this area is conserved in rat and human. 
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Interactions among SR proteins, an exonic 
splicing enhancer, and a lentivirus Rev protein regulate 
alternative splicing. 
Gontarek R R; Derse D 

Laboratory of Leukocyte Biology, National Cancer 
Institute-Frederick Cancer Research and Development Center, 



MOLECULAR AND CELLULAR BIOLOGY, (1996 May) 16 (5) 2325-31. 
Journal code: 8109087. ISSN: 0270-7306. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals; AIDS 
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Entered STN: 19960708 
Last Updated on STN: 19980206 
Entered Medline: 19960621 
We examine here the roles of cellular splicing factors and virus 
regulatory proteins in coordinately regulating alternative 
splicing of the tat/rev mRNA of equine infectious anemia virus 
(EIAV) . This bicistronic mRNA contains four exons; exons 1 and 2 encode 
Tat, and exons 3 and 4 encode Rev. In the absence of Rev expression, the 
four-exon mRNA is synthesized exclusively, but when Rev is expressed, 
exon 3 is skipped to produce an mRNA that contains only 
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exons 1, 2, and 4. We identity a purine-rich exonic splicing enhancer 
(ESE) in exon 3 that promotes exon inclusion. Similar to other cellular 
ESEs that have been identified by other laboratories, the EIAV ESE 
interacted specifically with SR proteins, a group of 
serine/arginine-rich splicing factors that 

fnn^f i nn i n nnn ch i fnf 1 up and 3S 1 +-£ST~T-lsa +■ -i 170 mRNA 1 1 ni Tin 

j-^nv^oj-v-zii j-ii ^wxi^^^.^^^ — — - - — — « ~ — r — ~ -~ — — 3 

Substitution of purines with pyrimidines in the ESE resulted in a 
switch from exon inclusion to exon skipping 
in vivo and abolished binding of SR proteins in vitro. 
Exon skipping was also induced by expression of EIAV 

Rev. We show that Rev binds to exon 3 RNA in vitro, and while the precise 
determinants have not been mapped, Rev function in vivo and RNA binding in 

vitro Indicate that, th e RNA elemen t necessary for Rev responsiveness 

overlaps or is adjacent to the ESE. We suggest that EIAV Rev promotes 
exon skipping by interfering with SR protein 
interactions with RNA or with other splicing factors. 



St. Elizabeth's 
USA 

(1996), 98(10), 



HCAPLUS COPYRIGHT 2 003 ACS DUPLICATE 20 

1996:707230 HCAPLUS 
126:5750 

Combination of two mutant alpha spectrin alleles 
underlies a severe spherocytic hemolytic anemia 
Wichterle, Hynek; Hanspal, Manjit; Palek, Jiri; 
Jarolim, Petr 

Department of Biomedical Research, 
Medical Center, Boston, MA, 02135, 
Journal of Clinical Investigation 
2300-2307 

CODEN: JCINAO; ISSN: 0021-9738 
Rockefeller University Press 
Journal 
English 

The authors studied a patient with a severe spherocytic hemolytic anemia 
without family history of spherocytosis. Anal, of patient's erythrocyte 
membrane proteins revealed spectrin deficiency and a truncated .alpha, 
spectrin protein. The authors detd. that the patient is a compd. 
heterozygote with two mutations in .alpha, spectrin gene. Mutation in the 
paternal allele, designated .alpha. spectrinPRAGUE, is a transition A to G 
in the penultimate position of intron 36 that leads to skipping 
of exon 37, frameshift, and prodn. of the truncated .alpha, 
spectrin protein. The maternal allele, designated .alpha. spectrinLEPRA, 
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-99 of intron 30. This mutation enhances an alternative 
acceptor splice site 70 nucleotides upstream from the regular 
site. The alternative splicing causes a frameshift 

and premature termination of translation leading to a significant decrease 
in a spectrin prodn. The .alpha. LEPRA mutation is linked to a spectrin 
.alpha. Ila marker that was assocd. with recessive or nondominant 
spectrin-def icient hereditary spherocytosis in .apprx.50% of studied 
families. The authors conclude that the .alpha. LEPRA mutation combined in 
trans with the . alpha . PRAG1UE mutation underlies the severe hemolytic 
anemia in the proband. The authors suggest that allele .alpha. 
spectrinLEPRA may be frequently involved in pathogenesis of recessive or 
nondominant spectrin-def icient hereditary spherocytosis. 
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splice donor site mutation m choiesteryi eater LranBiex 
protein gene results in abnormal downstream 
splice site selection. 

Sakai N . ; Santamarina-Fo j o S.; Yamashita S.; Matsuzawa Y.; 
Brewer H.B. Jr. 

Molecular Disease Branch, National Heart, Lung/Blood 
Institute, National Institutes of Health, 10 Center 
Drive, Bethesda, MD 20892-1666, United States 
Journal of Lipid Research, (1996) 37/10 (2065-2073). 
ISSN: 0022-2275 CODEN : JLPRAW 
United States 
Journal; Article 
022 Human Genetics 



029 Clinical Biochemistry 

LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB Choiesteryi ester transfer protein (CETP) deficiency is the most common 

cause of hyperalphalipoproteinemia in Japan. However, the genetic basis of 
this disorder has not been fully characterized. We have studied a 49-year- 
old Japanese male presenting with total cholesterol, HDL-cholesterol , and 
apolipoprotein A-I levels of 300, 236, and 233 mg/dl, respectively, and 
total absence of CETP activity and mass in plasma. Sequence analysis of 
the patient's CETP gene revealed that the splice donor consensus GT was 
substituted by GG in intron 10 (intron 10 splice defect) and by AT in 
intron 14 (intron 14 splice defect) . Restriction digestion of 
PCR-amplif ied DNA using Nclel and Maelll established that the patient was a 
compound heterozygote for both gene defects. Sequencing of cDNA amplified 
by RT-PCR from the patient's monocyte-derived macrophage RNA demonstrated 
abnormal splicing with deletion of exon 10 as well as 
alternative splicing at a native AG site located 31 
nucleotides 5' of the normal splice acceptor in intron 13. Thus, 
the intron 10 splice defect results in exon 10 skipping 

and the insertion of a 31 bp fragment between exon 13 and exon 14, which 
contains an in frame stop codon. The presence of abnormally spliced mRNA 
was further confirmed by amplification of patient cDNA using CETP specific 
primers. Abnormal splicing of exon 14 as a result of 
the intron 14 splice defect was not detected, indicating potential 
unstable CETP mRNA derived from that mutation. These findings demonstrate 
that a novel splice site mutation in intron 10 of the CETP gene results in 
the skipping of exon 10, as well as disruption of 

downstream splicing at intron 13 identifying a novel mechanism leading to 
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Three novel mutations of the NF1 gene detected by 
temperature gradient gel electrophoresis of exons 5 and £ 
Horn D.; Robinson P.N.; Boddrich A.; Buske A.; Tinschert 
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Charite, D-10098 Berlin, Germany 

Electrophoresis, (1996) 17/10 (1559-1563). 
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AB We screened a total of 100 unrelated patients with neurofibromatosis type 
1 'NFl) for mutations in exons 5 and 8 of the NF1 gene using temperature 
gradient gei eiectropnoreaib u^n . ^aiciui ii.Lci t ; i i.i.ui.x^i. ^ v,i. U n _ 
patterns was necessary due to interference by an exonic polymorphism. 
Three novel mutations were identified: a stop mutation in exon 5 (Q239X) 
caused by a C.fwdarw.T transition at cDNA 

nucleotide position 715, a transition at the invariant G of the splice 
acceptor site in intron 4c (G655-1A) , and a transversion at the invariant 
G of the splice donor site in intron 8 (G118S+1T) . Analysis of mRNA 
re v ealed the pr e dict e d a bnormal— spla^ee-^odu-gts-. Wh il e 



skipping of exon 5 causes a shift in the reading frame 
with a premature stop codon downstream in the middle of exon 6, 
skipping of exon 8 leads to an in-frame deletion with 
the predicted protein product being shortened by 41 amino acids. 
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Altered levels of the Drosophila HRB87F/hrp36 hnRNP protein 
have limited effects on alternative 
splicing in vivo. 

Zu K; Sikes M L; Haynes S R; Beyer A L 
Department of Microbiology, University of Virginia, 
Charlottesville 22908, USA. 
GM-39271 (NIGMS) 

MOLECULAR BIOLOGY OF THE CELL, (1996 Jul) 7 (7) 1059-73. 
Journal code: 9201390. ISSN: 1059-1524. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199612 

Entered STN: 19970128 

Last Updated on STN: 19970128 

Entered Medline: 19961209 
la melanogaster genes Hrb87F and Hrb98DE encode the fly 
87F and HRB98DE (also known as hrp36 and hrp38, respectively) 
t similar in sequence and function to mammalian A/B-type hnRNP 



UiULClllO . UO J-liy v^vc;j_^-».^-^ — — — — 

tested the hypothesis that the ratio of A/B hnRNP proteins to SR 
family proteins modulates certain types of alternative 
splice-site selection. In flies in which HRB87F/hrp36 had been 
overexpressed 10- to 15-fold above normal levels, aberrant 
internal exon skipping was induced in at least one 

endogenous transcript, the dopa decarboxylase (Ddc) pre-mRNA, which 
previously had been shown to be similarly affected by excess 
HRB98DE/hrp38 . In a second endogenous pre-mRNA, excess HRB87F/hrp36 had 
no effect on alternative 3' splice-site selection, as 

expected from mammalian hnRNP studies. Immunolocalization of the excess 
hnRNP protein showed that it localized correctly to the nucleus, 
specifically to sites on or near chromosomes, and that the peak of 
exon-skipping activity in Ddc RNA correlated with the 
peak of chromosomally associated hnRNP protein. The chromosomal 
association and level of the SR family of proteins were not 
significantly affected by the large increase in hnRNP proteins during this 
time period. Although these results are consistent with a possible role 
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for hnRNP proteins in alternative splicing, the more 

interesting finding was the failure to detect significant adverse effects 
on flies with a greatly distorted ratio of hnRNPs to SR 

proteins. Electron microscopic visualization of the general population of 
active genes in flies overexpressing hnRNP proteins also indicated that 
the great majority of genes seemed normal in terms of 
cotranscriptional RNA processing events, although there were a few 
abnormalities consistent with rare exon- skipping 

events. Furthermore, in a Hrb87F null mutant, which is viable, the 
normal pattern of Ddc alternative splicing was 

observed, indicating that HRB87F/hrp36 is not required for Ddc splicing 
regulation. Thus, although splice-site selection can be affected in at 

least a few genes by gross overexpression of this hnRNP protein, the 

combined evidence suggests that if it plays a general role in 
alternative splicing in vivo, the role can be provided 

by other proteins with redundant functions, and the role is independent of 
its concentration relative to SR proteins. 
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During in vivo maturation of eukaryotic nuclear mRNA, 
splicing yields excised exon circles . 
Bailleul B 

Unite 124 INSERM, Institut de Recherches sur le Cancer de 
Lille, France. 

NUCLEIC ACIDS RESEARCH, (1996 Mar 15) 24 (6) 1015-9. 
Journal code: 0411011. ISSN: 0305-1048. 
ENGLAND: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199605 

Entered STN: 19960524 
Last Updated on STN: 19960524 
Entered Medline: 19960516 
Circular splicing has already been described on nuclear pre-mRNA for 
certain splice sites far apart in the multi exonic ETS-1 gene and in the 
single 1.2 kb exon of the Sry locus. To date, it is unclear how 
splice site juxtaposition occurs in normal and circular 
splicing. The splice site selection of an internal exon is likely to 
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albeit at low frequency, internal exons yield circular RNA 

an error-prone mechanism of exon 
or, perhaps more interestingly, as a regulated mechanism on 
ons . To address this question, the circular exon formation 
t three ETS-1 internal exons (one alternative 
nd two constitutive) , in human cell line and blood 

Here, we show by RT-PCR and sequencing that exon circular 
s at the three individual exons that we examined. RNase 
eriments suggest that there is no correlation between exon 
ion and exon skipping. 
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dysplasia 

Chen, Luping; Yang, Winnie; Cole, William G. 
Research Institute, Hospital Sick Children, Toronto, 
ON, M5G 1X8, Can. 

Journal of Orthopaedic Research (1996), 14(5), 712-721 
CO DEN : JOREDR; ISSN: 0736-0266 
Journal of Bone and Joint surgery, Inc. 
Journal 
English 

An autosomal dominant mutation in the COL2A1 gene was identified in a 
child with the Kniest form of spondyloepiphyseal dysplasia. A C to T 
transition at nucleotide 35 of exon 12 changed the codon GCG for alanine 

102 of the triple helical domain of .alpha. 1 (II) chains of type-II 

collagen to GTG for valine. The transition also introduced a GT 
dinucleotide into exon 12. Anal, of cDNA prepd. from Kniest cartilage 
showed that in vivo the transition resulted in an alternatively 
spliced mRNA that lacked the 21 3' nucleotides from exon 12. The 
cartilage cDNA contained approx. equal amts . of normal cDNA and 
shortened mutant cDNA. The deletion of 21 nucleotides from the mutant 
cDNA maintained the translational reading frame but resulted in the loss 
of alanine 102 to lysine 108, which interrupted the repetitive glycine-X-Y 
triplet sequence required for formation of the triple helix. Type-II 
collagen mols. contg. one or more mutant chains were expected, therefore, 
to contain interrupted triple helixes with a short amino-terminal helical 
domain A and a large carboxy-terminal helical domain B. Kniest cartilage 
contained a reduced amt . of pepsin-solubilized type-II collagen that 
consisted of overmodified . alpha. 1( II) chains. Peptide mapping showed 
that the over-modifications extended to the carboxy terminus of the 
.alpha. 1 (II) chains. Pepsin digestion also yielded shortened .alpha. 1 (II) 
chains corresponding to helical domain B. Kniest chondrocytes cultured in 
alginate beads produced type-II collagen that was not stably incorporated 
into the pericellular matrix. This study highlights the importance of 
dominant neg. mutations of C0L2A1 in producing Kniest dysplasia. 
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UNIV PITTSBURGH, HOWARD HUGHES MED INST, PITTSBURGH, PA, 



AB 



PITTSBURGH, PA, 15260; UNIV PITTSBURGH, DEPT BIOL SCI, 
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USA 

RNA-A PUBLICATION OF THE RNA SOCIETY, (JUL 1996) Vol. 2, 
No. 7, pp. 682-698. 
ISSN: 1355-8382. 
Article; Journal 
LIFE 
ENGLISH 
41 

^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Tissue- and stage-specific pre-mRNA splicing events are prevalent in 
mammals, yet molecular details are lacking about these important 
mechanisms of posttranscriptional gene control. In this study, we 
investigate the regulated splicing of rat gamma 2 pre-mRNA, a subunit of 
the GABA, receptor, as a step toward understanding the molecular basis of 
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a neuron-specific splicing event involving cassette exon selection, Cell- 
and substrate-specific regulation of gamma 2 pre-mRNA is recapitulated in 
a neuronal cell line derived from the cerebellum, which produces enhanced 
levels of the exon-selected mRNA. In contrast, a control cell line derived 
from non-neuronal cells of the pituitary produces prominent levels of the 

nm-or-nil at orl ovnn- oV -i nnoH mRNA. Thp rprphpl 1 ar and 

ui^j.oxjwx^^uva, Jr£ 

pituitary cell lines are well matched in overall splicing efficiency and 
produce an invariant pattern of splicing for a control substrate, which is 
alternatively spliced but not regulated in this system. 

The appropriateness of the two cell lines is indicated by an extended mRNA 
mapping experiment, which documents the region-specific switch in exon 
selection throughout rat brain. Using this pair of cell lines, we show 
that large i nt.ron segm en ts flanking the regulated exon are dispensable for 
regulation. These intron regions have been deleted to generate a minimal 
splicing substrate for the purpose of identifying essential RNA elements. 
In this context, we show that essential nucleotides are located at 
positions +7, +8, and +9 of the regulated exon and in a 9-nt 
adenosine-rich region of the adjacent 3' splice site. Due to the proximity 
and base complementarity of the required nucleotides, experiments were 
devised to test models involving the recognition of two single-stranded 
signals, or one duplex RNA signal. These results clearly disfavor the 
duplex RNA recognition model and indicate that the required regions are 
recognized as independent, single strands in neuronal cells. A weak 5' 
splice site adjacent to the regulated exon is required as a third 
essential element. Although the importance of a weak 5' splice site is 
common to other regulated systems such as NCAM, the essential nucleotides 
in the exon and 3' splice site region defined in this study for gamma 2 
splicing regulation are novel. 
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Complex cystic fibrosis allele 

R334W-R1158X results in reduced levels of correctly 
processed mRNA in a pancreatic sufficient patient. 
Duarte A; Amaral M; Barreto C; Pacheco P; Lavinha J 
Departamento de Genetica Humana, Instituto Nacional de 
Saude Dr. Ricardo Jorge, Lisboa, Portugal. 
HUMAN MUTATION, (1996) 8 (2) 134-9. 
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LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199612 

ENTRY DATE: Entered STN: 19970128 

Last Updated on STN: 19970128 
Entered Medline: 19961224 
AB CFTR alleles containing two mutations have been very rarely 
found in cystic fibrosis (CF) patients. They provide 

an opportunity to study the effect of two in cis-interacting gene defects 
on gene expression. Here, we describe a three-generation CF family with a 
complex CFTR allele that has not been previously described, 

containing the missense mutation R334W in exon 7 and the nonsense mutation 
R1158X in exon 19. Lymphocyte RNA analysis showed that (1) the mRNA 
corresponding to the complex allele is present although at markedly 
reduced levels; and (2) the nonsense mutation does not lead to detectable 
skipping of exon 19. The clinical picture of the • 

patients with the genotype R334W-R1158X/delta F508 is characterized by 
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pancreatic sufficiency and an atypical course of the disease. 
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patterns in the cystic fibrosis 
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France . 

EUROPEAN JOURNAL OF HUMAN GENETICS, (1996) 4 (3) 127-34. 
Journal code: 9302235. ISSN: 1018-4813. 
Switzerland 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199701 

Entered STN: 19970128 
Last Updated on STN: 19970128 
Entered Medline: 19970102 
Using in vitro amplification of cDNA by the polymerase chain reaction, we 
analyzed alternatively spliced events of 

cystic fibrosis transmembrane conductance regulator gene 
in lymphoblastoid cells. Ten alternatively spliced 

transcripts were identified using analysis of 6 overlapping segments of 
amplified cDNA, 4 of which have not been described previously. These 
include transcripts lacking exon 16, 17b, 22 and a transcript resulting 
from the use of a cryptic acceptor and donor splice sites. Moreover, in 2 
cystic fibrosis (CF) patients bearing nonsense mutations 

E60X or W1282X, we observed that nonsense mutations are associated with an 
alteration of splice site selection in vivo resulting in exon 
skipping of constitutive exons or in the use of cryptic splice 
sites. In addition, even though lymphoblastoid cells are not the relevant 
tissue to address the question of the relationship between clinical 
respiratory phenotype and genotype, our results concerning adult CF 
patients (delta F508/ delta F508) suggest that individual-specific RNA 
splicing patterns could influence the severity of the CF pulmonary 



events proves to be significant in CF and to be a common feature of 
disease genes, the study of RNA splicing could become an important tool 
for the analysis of the genotype-phenotype relationship in many inherited 
disorders. 
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80, No. 12, pp. 3591-3595. 

ISSN: 0021-972X. 
DOCUMENT TYPE: Article 
LANGUAGE: English 

AB Familial isolated GH deficiency type II (IIGHD-II) is an autosomal 

dominant disorder that has been previously shown in some patients to be 
caused by heterogeneous GH gene defects that affect GH messenger RNA 
(mRNA) splicing. We report here our finding of multiple G fwdarw A 
transitions of the first base of the donor splice site of IVS 3 (+1G 
fwdarw A) in IGHD II subjects from three nonrelated kindreds from Sweden, 
North America, and South Africa. This +1G fwdarw A substitution creates an 
Nlalll site that was used to demonstrate that all affected individuals in 

a ll thr -e-e — fa milies w& r-e-4tet-ego-zygou-5 — for the — mu-fr ation -. — T-©— de-t-e-rmine— the 

effect of this mutation on GH mRNA processing, HeLa cells were transfected 
with expression plasmids containing normal or mutant +1G fwdarw 
A alleles, and complementary DNAs from the resulting GH mRNAs were 
sequenced. The mutation was found to destroy the GH IVS 3 donor splice 
site, causing skipping of exon 3 and loss of the 

codons for amino acids 32-71 of the mature GH peptide from the mutant GH 
mRNA. Our finding of exon 3 skipping in transcripts of 

the + 1G fwdarw A mutant allele is identical to our previous report of a 
different sixth base transition (+6T fwdarw C) mutation 

of the IVS 3 donor splice site that also causes IGHD II. Microsatellite 
analysis of an affected subjects' DNA from each of the three nonrelated 
kindreds indicates that the +1G fwdarw A mutation arose independently in 
each family. Finding that neither grandparent has the mutation in the 
first family suggests that it arose de novo in that family. Our data 
indicate that 1) +1G fwdarw A IVS 3 mutations perturb GH mRNA splicing and 
cause IGHD II; and 2) these mutations can present as de novo GHD cases. 
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Occurrence of multiple aberrantly spliced mRNAs of the 
LDL-receptor gene upon a donor splice site mutation that 
causes familial hypercholesterolemia ( FH ( Benevento ) ) . 
Lelli N. ; Garuti R. ; Ghisellini M. ; Tiozzo R.; Rolleri M. ; 
Aimale V.; Ginocchio E.; Naselli A.; Bertolini S.; Calandra 
S . 

Sezione di Patologia Generale, Dipartimento di Scienze 
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United States 
Journal; Article 
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018 
022 
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English 
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Pediatrics and Pediatric Surgery 

Cardiovascular Diseases and Cardiovascular Surgery 
Human Genetics 
Clinical Biochemistry 



A novel point mutation of the LDL-receptor gene was found in an Italian 
patient with homozygous familial hypercholesterolemia. The SSCP analysis 
of the promoter and of 16 out of the 18 exons of the LDL-receptor gene was 
negative, suggesting that the mutation might be located in the region of 
the gene encompassing exons 14 and 15, a region that had not been amenable 
to polymerase chain reaction (PCR) amplification from genomic DNA. This 
region was amplified from cDNA by reverse transcription PCR (RT-PCR) . 
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RT-PCR of proband cDNA generated three fragments of 800, 600, and 550 bp, 
respectively, as opposed to a single 720 bp fragment obtained from control 
cDNA. The sequence of these fragments showed that: i) in the 800-bp 
fragment exon 14 continued with the 5' end of intron 15 (90 nucleotides), 
which in turn was followed by exon 16; ii) in the 600-bp fragment exon 14 
was followed by the 5' end of exon 15 (50 nucleotides), which continued 
with exon 16; iii) in the 550-bp fragment exon 14 joined directly to exon 
16. These abnormally spliced mRNAs resulted from a G.fwdarw.A transition 
at the +1 nucleotide of intron 15, which changed the invariant GT 
dinucleotide- of the 5' donor splice site. That was associated with the 
activation of two cryptic donor splice sites in intron 15 and exon 15, 
respectively, and the use of an alternative splicing 

-to— t-h e skipp ing of exo n 15. — Northern blot 

analysis showed that the overall content of these aberrantly spliced mRNAs 
in proband fibroblasts was one-fourth that found in control cells. These 
abnormally spliced mRNAs are predicted to encode three abnormal receptor 
proteins: the first would contain an insertion of 30 novel amino acids; 
the second would be a truncated protein of 709 amino acids; the third 
would be devoid of the 57 amino acids of the 0- linked sugar domain. 

T -; V* 1 ^4- rnonf p -l ^ -i p^f oH +- K ^» +- +- V-i £i mriAnni- f~\ -F T.riT. — roponf nr nroconi" 
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in proband's fibroblasts was approximately one-tenth that found in control 
cells . 
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A single point mutation in the splice donor site of 
the low-density-lipoprotein-receptor gene produces 
intron read-through, exon-skipped 
and cryptic-site-utilized transcripts 
Maruyama, Takao; Miyake, Yasuko; Tajima, Shoji; 
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Springer 
Journal 
English 

Familial hypercholesterolemia is a genetic disorder caused by mutations of 
the low-d. -lipoproteins (LDL) receptor gene. The structures of LDL 
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homozygous patient carrying a single base substitution (T . 
fwdarw. C) at the 5' splice donor site of intron 12 of 

the LDL receptor gene. Three aberrant transcripts were identified as a 
consequence of intron- 12 read-through, exon- 12 skipping 

and utilization of a cryptic splice donor site. Only a point mutation at 
the 5' splice donor site caused the prodn. of 3 alternatively 
spliced products. None of these transcripts produced a functional 
LDL receptor protein in this patient. 
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AB The unc-52 gene in Caenorhabditis elegans produces several large proteins 

that function in the basement membrane underlying muscle — eeHrS-; Mutations 

in this gene result in defects in myofilament assembly and in the 
attachment of the myofilament lattice to the muscle cell membrane. The 
st549 and utlll alleles of unc-52 produce a lethal (Pat) terminal 
phenotype whereas the e444, e669, e998, el012 and el421 

mutations result in viable, paralyzed animals. We have identified the 
sequence alterations responsible for these mutant phenotypes. The st54 9 
allele nas a premature atop uuuun xu cauh / unac onwuxu j.h ^.±^ 

complete elimination of unc-52 gene function, and the utlll allele has a 
Tel transposon inserted into the second exon of the gene. The five 
remaining mutations are clustered in a small interval containing three 
adjacent, alternatively spliced exons (16, 17 and 18). 

These mutations affect some, but not all of the unc-52-encoded proteins. 
Thirteen intragenic revertants of the e669, e998, el012 and el421 alleles 
have also been sequenced. The majority of these carry the original 
mutation plus a G to A transition in the conserved splice acceptor site of 
the affected exon. This result suggests that reversion of the mutant 
phenotype in these strains may be the result .of exon- 
skipping. 
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The Al and A1B proteins of heterogeneous nuclear 
ribonucleoparticles modulate 5' splice site selection in 
vivo . 
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UNITED STATES OF AMERICA, (1994 Jul 19) 91 (15) 6924-8. 
Journal code: 7505876. ISSN: 0027-8424. 
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Recent in vitro results suggest that the heterogeneous nuclear 
ribonucleoparticle (hnRNP) Al protein modulates 
alternative splicing by favoring distal 5' splice site 
(5'SS) selection and exon skipping. We used a mouse 

erythroleukemia (MEL) cell line (CB3C7) deficient in the expression of 
hnRNP Al to test whether variations in hnRNP Al and 
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A1B protein levels affected alternative splicing in 
vivo. In contrast to Al-expressing MEL cell lines, CB3C7 cells 
preferentially selected the proximal 13S and 12S 5 ' SS on the adenovirus 
E1A pre-mRNA. Transiently expressing the Al or A1B cDNA in 

„~i-t~ Eioo <-.^1^^4--i^r^ +-/-m..t^->-H f ho Tinf-*r-o Hi qfal Q.Q Hnnnr <=: ~i t e . 

Al protein synthesis was required for this effect since the 
expression of a mutated Al cDNA did not affect 5'SS selection. 
These results demonstrate that in vivo variations in hnRNP Al 
protein levels can influence 5'SS selection. 
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Article; Journal 
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42 

* ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
Exons 2 and 3 of alpha-tropomyosin are spliced in a strict mutually 
exclusive manner. Exon 3 is a default choice, being selected in almost all 
cell types where the gene is expressed. The default selection arises from 
a competition between the two exons, in which the stronger branch 
point /pyrimidine tract elements of exon 3 win. Exon 2 is selected 
predominantly or exclusively only in smooth muscle cells. We show here 
that the basis for the smooth muscle-specific switching of exon selection 
is inhibition of exon 3. Exon 3 is still skipped with 

Qmo.^i-i-i iTi-icrls qnprifir.itv. even in the absence of exon 2. We have defined 
two conserved sequence elements, one xn edun ui lhc j."i-iuiu ±. ^an^^n^ 
3, that are essential for this regulation. Mutation of either element 
severely impairs regulated suppression of exon 3. No other exon or intron 
sequences appear to be necessary for regulation. We have also demonstrated 
skipping of exon 3 that is dependent upon both 

regulatory elements in an in vitro splicing assay. We further show that 
both splice sites of exon 3 must be inhibited in a concerted fashion to 
switch to selection of exon 2. This may relate to the requirement for 
negative elements on both sides of the exon. 
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AB The opposing effects of SF2/ASF and heterogeneous nuclear 
ribonucleoprotein (hnRNP) Al influence alternative 
splicing in vitro. SF2/ASF or hnRNP Al complementary 
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reTrrarisiently - overexpressed in Re La cells, a 
tive splicing of several cotransf ected reporter 

as measured. Increased expression of SF2/ASF activated proximal 5' 
sites, promoted inclusion of a neuron-specific exon, and prevented 
1 exon skipping. Increased expression of hnRNP 
vated distal 5' splice sites. Therefore, variations in the 
llular levels of antagonistic splicing factors influence different 
f alternative splicing in vivo and may be a 

mechanism for tissue-specific or developmental regulation of gene 
ion . 
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Human adenovirus encodes two proteins which have opposite 
effects on accumulation of alternatively 
spliced mRNAs . 
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All mRNAs expressed from the adenovirus major late transcription unit have 
a common, 201-nucleotide-long 5' leader sequence, which consists of three 
short exons (the tripartite leader) . This leader has two variants, either 
with or without the i-leader exon, which, when present, is spliced between 
the second and the third exons of the tripartite leader. Previous studies 
have shown that adenovirus early region 4 (E4) encodes two 
proteins, E4 open reading frame 3 (E4-ORF3) and 

E4-ORF6, which are required for efficient expression of mRNAs from 

the major late transcription unit. These two E4 proteins appear 

to have redundant activities, and expression of one has been shown to be 

sufficient for efficient major late mRNA accumulation during a lytic virus 

infection. In this report, we provide evidence that E4-ORF3 and 

E4-ORF6 both regulate major late mRNA accumulation by stimulating 

constitutive splicing. Moreover, we show that the two proteins have 

different effects on accumulation of alternatively 

spliced tripartite leader exons. In a DNA transfection assay, 

E4-ORF3 was shown to facilitate i-leader exon inclusion, while 
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E4-ORF6 preferentially favored i-leader exon 

skipping. In addition, E4-ORF3 and E4-ORF6 

had the same effects on accumulation of alternatively 

spliced chimeric beta-globin transcripts. This finding suggests 

that the activities of the two proteins may be of more general relevance 

and not restricted to splicing of major late tripartite leader-containing 

pre-mRNAs. Interestingly, E4-ORF6 expression was also shown to 

stimulate i-leader exon skipping during a lytic virus 

infection. 
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Exon 9 of the CFTR gene: splice site haplotypes 
and cystic fibrosis mutations. 
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The alternatively spliced exon 9 of the cystic 
fibrosis transmembrane conductance regulator (CFTR) gene 

codes for the initial part of the amino-terminal nucleotide-binding fold 

of CFTR. A unique feature of the acceptor splice site preceding 

this exon is a variable length polymorphism within the polypyrimidine 

tract influencing the extent of exon 9 skipping in 

CFTR mRNA. We investigated this repeat for its relationship to 

CFTR mutations and intragenic markers on 200 chromosomes from 

German patients with cystic fibrosis (CF) . Four 

frequent length variations were strongly associated with the four 
predominant haplotypes previously defined by intragenic marker 
dimorphisms. One of these alleles displayed absolute linkage 



muua i luii 



CFTR mutations were linked to one particular splice site haplotype 
indicating that differential exon 9 skipping 

contributes little to the clinical heterogeneity among CF patients with an 
identical mutation. We also identified a novel missense mutation (V456F) 
and a novel nonsense mutation (Q414X) within the coding region of exon 9. 
The missense mutation V456F adjacent to Walker motif A was present in a 
pancreas-sufficient CF patient. In contrast, the pancreas-insufficient 
Q414X/delta F508 compound heterozygote suffered from a severe form of the 
disease, indicating that alternative splicing of exon 

9 does not overcome the deleterious effect of a stop codon with this exon. 
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The essential splicing factor SF2/ASF and the heterogeneous nuclear 
ribonucleoprotein Al (hnRNP Al) modulate 

alternative splicing in vitro of pre-mRNAs that contain 

5' splice sites of comparable strengths competing for a common 3' splic 
site. Using natural and model pre-mRNAs, we have examined whether the 
ratio of SF2/ASF to hnRNP Al also regulates other modes of 
alternative splicing in vitro. We found that an excess 
of SF2/ASF effectively prevents inappropriate exon 
skipping and also influences the selection of mutually exclusive 
tissue-specific exons in natural beta-tropomyosin pre-mRNA. 
an excess of hnRNP Al does not cause inappropriate exon 
skipping in natural constitutively or alternatively 
spliced pre-mRNAs. Although hnRNP Al can promote 
alternative exon skipping, this effect is not 

universal and is dependent, e.g., on the size of the internal alternative 
exon and on the strength of the polypyrimidine tract in the preceding 
intron. With appropriate alternative exons, an excess of SF2/ASF promotes 
exon inclusion, whereas an excess of hnRNP Al causes 
exon skipping. We propose that in some cases the ratio 
of SF2/ASF to hnRNP Al may play a role in regulating 
alternative splicing by exon inclusion or 

skipping through the antagonistic effects of these proteins on 
alternative splice site selection. 



In contrast, 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR: 

CORPORATE SOURCE: 

SOURCE : 

PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



9410b4by MtULilNIS 

94108459 PubMed ID: 7506605 

A donor splice mutation (4 05 + 1 G — >A) in cystic . 
fibrosis associated with exon 
skipping in epithelial CFTR mRNA. 
Dork T; Will K; Demmer A; Tummler B 

Klinische Forschergruppe Molekulare Pathologie der 

Mukoviszidose, Medizinische Hochschule Hannover, Germany. 

HUMAN MOLECULAR GENETICS, (1993 Nov) 2 (11) 1965-6. 

Journal code: 9208958. ISSN: 0964-6906. 

ENGLAND: United Kingdom 

Journal; Article; (JOURNAL ARTICLE) 

English 

Priority Journals 
199402 

Entered STN: 19940228 

Last Updated on STN: 19960129 

Entered Medline: 19940217 



Search completed by David Schreiber 308-4292 



c 

Kam 09/871, 80y 



L29 ANSWER 65 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR: 

CORPORATE SOURCE: 

SOURCE: 

PUB . COUNTRY : 



73 MEDLINE DUPLICATE 31 

93357737 MEDLINE 
93357737 PubMed ID: 7689009 
Abnormal mRNA spliciny resulting from 
three different mutations in the CFTR gene. 
Hull J; Shackleton S; Harris A 

Institute of Molecular Medicine, John Radcliffe Hospital, 
Oxford, UK. 

HUMAN MOLECULAR GENETICS , (1993 Jun) 2 (6) 689-92. 
Journal code: 9208958. ISSN: 0964-6906. 
ENGLAND: United Kingdom 
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English 

Priority Journals 
199309 

Entered STN: 19931008 
Last Updated on STN: 19960129 
Entered Medline: 19930921 
Three different putative splicing mutations in the CFTR gene 
have been studied by analysing mRNA extracted from nasal epithelial cells 
harvested from patients with cystic fibrosis. Six 
patients were analysed, all of whom had classical symptoms of 
cystic fibrosis (CF) . Two patients carried the 621 + 
1G— >T mutation, 3 patients carried the 1717 - 1G— >A mutation and 1 
patient carried the 1898 + 1G— >A mutation. All patients carried the 
delta F508 mutation on the other chromosome. Ten non-CF control subjects 
were also studied. The 621 + 1G — >T mutation resulted in activation of an 
alternative splice site within exon 4 in one patient and 
activation of this site or skipping of exon 4 in the 
other patient. The 1717 - 1G — >A mutation resulted in skipping 
of exon 11 in all 3 patients studied and the 1898 + 1G- 7 >T 
mutation resulted in skipping of exon 12. These 

experiments demonstrate that these mutations do result in aberrant 
splicing of CFTR mRNA as predicted from the changes in 
genomic sequence. 
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conductance regulator splice variants are uul ^unacivcu anu 
fail to produce chloride channels. 

Delaney S J; Rich D P; Thomson S A; Hargrave M R; Lovelock 
P K; Welsh M J; Wainwright B J 

Centre for Molecular Biology and Biotechnology, University 
of Queensland, Brisbane, Australia. 
NATURE GENETICS, (1993 Aug) 4 (4) 426-31. 
Journal code: 9216904. ISSN: 1061-4036. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199311 

Entered STN: 19940117 
Last Updated on STN: 19960129 
Entered Medline: 19931105 
CFTR only the rare exon 4- splice variant is 

mice. We have discovered two novel murine variants, exon 5- 
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and exon llb+. The exon 5- variant represents up to 40% of mRNA in all 
CFTR-expressing tissues and leaves the reading frame intact. The 
exon llb+ variant inserts a novel exon between exons 11 and 12 with 
expression restricted to the testis. Two variants of lib have been found 

K^-t-l-. -1 T-.+- T-nHn r.__ r>-fc_Tn_i-t-i.r-*=- qfnn frtHnnQ Whpn WA AynrpR^pH hnmAn 

*_V_/_._- J_ _/ v_ . _ ._- . ..- ^ 

CFTR variants lacking either exon 5 or exon 9 in HeLa ceils, they 
failed to generate cAMP-mediated chloride transport, due to defective 
intracellular processing. The lack of conservation of splice variants 
between species and the inability of the more abundant splice variants to 
generate protein that is correctly processed argue against a physiological 
role and may simply represent aberrant splicing that 
is tolerated by the cell and organism. 
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A mutation in the Pax-6 gene in rat small eye is associated 
with impaired migration of midbrain crest cells. 
Matsuo T; Osumi-Yamashita N; Noji S; Ohuchi H; Koyama E; 

Rit_._l._-: T-i- Ti/._4-~,-_. Til • . -n^U-l C. U. TcoV-i C • -U 

L v iyUJ.Ct_L C r I'idLSUU 1M , iailiyuun± -J , _-_._. n, ___j>^-__. _. , ■ 

Department of Ophthalmology, Okayama University Medi.cal 
School, Japan. 

NATURE GENETICS, (1993 Apr) 3 (4) 299-304. 
Journal code: 9216904. ISSN: 1061-4036. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199501 

Entered STN: 19950116 
Last Updated on STN: 19950116 
Entered Medline: 19950105 
The rat small eye strain (rSey) lacks eyes and nose in the homozygote, and 
is similar to the mouse Sey strain with mutations in the Pax-6 gene. We 
isolated Pax-6 cDNA clones from an rSey homozygote library, and found an 
internal deletion of about 600 basepairs in the serine 
/threonine-rich domain. At the genomic level, a single base (G) 
insertion in an exon generates an abnormal 5' donor 
splice site, thereby producing the truncated mRNA. Anterior 
midbrain crest cells in the homozygous rSey embryos reached the eye . 
rudiments but did not miarate any further to the nasal rudiments, 
suggesting mac cne r_ix— o yene x_> mvui vcu o _>_n_i<_-. m_y__L._vii -_•_. 

neural crest cells from the anterior midbrain. 
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Genetic basis of variable exon 9 skipping 
in cystic fibrosis transmembrane 
conductance regulator mRNA. 

Chu C.-S.; Trapnell B.C.; Curristin S.; Cutting G.R.; 
Crystal R.G. 

Pulmonary Branch, National Heart Lung and Blood Inst, 
National Institutes of Health, Bethesda , MD 20892, United 
States 

Nature Genetics, (1993) 3/2 (151-156) . 
ISSN: 1061-4036 CODEN: NGENEC 
United States 
Journal; Article 
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LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB Variable in- frame skipping of exon 9 in cystic 

fibrosis transmembrane conductance regulator (CFTR) mRNA 

transcripts (exon 9-) occurs in the respiratory epithelium. To explore the 

genetic basis of this event, we evaluated respiratory epithelial cells and 

blood leukocytes from 124 individuals (38 with cystic 

fibrosis (CF) , 86 without CF) . We found an inverse relationship 

between the length of the polythymidine tract at the exon 9 splice 

branch/acceptor site and the proportion of exon 9- CFTR mRNA 

transcripts. These results strongly indicate a genetic basis in vivo 

m odulating post-tr -a-n-s-er^pti-ofta l proc e ss in g of G FT-R— mRNA 

transcripts . 
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Ul snRNP targets an essential splicing factor, U2AF65, to 
the 3' splice site by a network of interactions spanning 
the exon. 

Hoffman B E; Grabowski P J 

Department of Biological Sciences, University of 
Pittsburgh, Pennsylvania 15260. 
GM39695 (NIGMS) 

GENES AND DEVELOPMENT , (1992 Dec) 6 (12B) 2554-68. 
Journal code: 8711660. ISSN: 0890-9369. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199312 

Entered STN: 19940117 
Last Updated on STN: 20000303 
Entered Medline: 19931201 
A description of cellular factors that govern alternative 
splicing of pre-mRNA is largely incomplete. In the case of the 
rat preprotachykinin gene, splicing of the alternative 
exon E4 occurs by a poorly understood mechanism in which exon 
selection is under the positive control of Ul snRNP. Because the binding 
of Ul snRNP to the 5' splice site of E4 is coincident with the 
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appear to involve interactions that bridge across the exon. In this work, 
a UV cross-linking strategy was used to identify possible RNA-protein 
interactions involved in the proposed exon-bridging model. Of particular 
interest is a prominent 61-kD protein, p61, that binds to the 3' splice 
site of E4 in a manner that is clearly facilitated by a 

downstream 5' splice site and Ul snRNP particles. The identity of p61 is 
the essential splicing factor U2AF65, on the basis of copurif ication and 
selective binding to polypyrimidine tracts. These results indicate a 
model in which exon selection is positively regulated by the communication 
of Ul snRNP and U2AF65 . That is, a natural deficiency in binding U2AF65 
to the 3' splice site that leads to exon skipping 

might be overcome by a mechanism in which Ul snRNP facilitates the binding 
of U2AF65 through a network of template-directed and exon-bridging 
interactions . 
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Activation of c-src neuron-specific splicing by 
an unusual RNA element in vivo and in vitro. 
Black D.L. 

Nine Cambridge Center, Whitehead Biomedical Research 

Inst ., Cambridge, MA 02142, United States 

Cell, (1992) 69/5 (795-807). 

ISSN: 0092-8674 CODEN: CELLB5 

United States 

Journal; Article 

008 Neurology and Neurosurgery 

022 Human Genetics 



-0*9- 



Clinical Biochemi -s- try 



LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB A conserved positive-acting RNA sequence was found to be required for the 
neuron-specific splicing of the mouse c-src Nl exon. The 

sequence lies in the intron between exons Nl and 4, close to the Nl donor 
site. Normally, only the neural-specific splicing of exon Nl 

splicing at the constitutive exon 4 acceptor also became dependent on the 
activating sequence. The neuronal and nonneuronal patterns of src 
splicing were reconstituted in vitro. HeLa cell extracts spliced exon 4 to 
exon 3, skipping exon Nl . Weri-1 

retinoblastoma cell extracts spliced exon 4 to exon Nl as well as to exon 
3. Both patterns of splicing were dependent on the activating sequence. A 
123 nt RNA containing just the activating sequence specifically inhibited 
both patterns of src splicing, indicating that factors bound to 
the activator were required for its effects. 
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DOES STERIC INTERFERENCE BETWEEN SPLICE SITES BLOCK THE 
SPLICING OF A SHORT C-SRC NEURON-SPECIFIC EXON 
IN NONNEURONAL CELLS 
BLACK D L (Reprint) 

WHITEHEAD INST BIOMED RES, CAMBRIDGE, MA, 02142 (Reprint) 
USA 

GENES & DEVELOPMENT, (1991) Vol. 5, No. 3, pp. 389-402. 
Article; Journal 



ENGLISH 
77 

* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB The neuron-specific splicing of the mouse c-src Nl exon was 

analyzed. Model src genes, transiently expressed in HeLa and 
LA-N-5 neuroblastoma cells, were assayed for the insertion of the 
18-nucleotide neuron-specific Nl exon into their product mRNA. The 
normal clone fails to use this exon in HeLa cells but inserts the 
exon into 50% of the mature mRNA in LA-N-5 cells. When the exon and 
flanking intron sequences are placed between two adenovirus exons, the Nl 
exon is still only inserted in the neural cells. Thus, the neural 
specificity is a property of the exon itself and its immediate flanking 
sequences. Simply extending the length of the Nl exon to 109 nucleotides 
allows its efficient use in HeLa cells, implying that the exon 
is normally skipped because it is too short to allow 

spliceosomes to assemble at both ends simultaneously. This model predicts 
that exclusion of the exon should be sensitive to proteins or mutations 
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that alter the relative strength of the flanking splice sites, 
that change these splice sites support this hypothesis. 



Mutations 
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Functional expression of cloned human splicing factor SF2: 
homology to RNA-binding proteins, Ul 70K, and Drosophila 
splicing regulators. 

Krainer A R; Mayeda A; Kozak D; Binns G 
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199108 

Entered STN: 19910913 
Last Updated on STN: 19970203 
Entered Medline: 19910827 
SF2 is a protein factor essential for constitutive pre-mRNA splicing in 
HeLa cell extracts and also activates proximal alternative 5' 
splice sites in a concentration-dependent manner. This latter 
property suggests a role for SF2 in preventing exon 
skipping, ensuring the accuracy of splicing, and 
regulating alternative splicing. Human SF2 cDNAs have 

been isolated and overexpressed in bacteria. Recombinant SF2 is active 
splicing and stimulates proximal 5' splice sites. SF2 has a C-terminal 
region rich in arginine- serine dipeptides, 

similar to the RS domains of the Ul snRNP 70K polypeptide and the 
Drosophila alternative splicing regulators 

transformer, transf ormer-2 , and suppressor-of -white-apricot . Like 
transf ormer-2 and 7 OK, SF2 contains an RNP-type RNA recognition motif. 
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gene alters the efficiency of pre-mRNA splicing and is 
associated with osteogenesis imperfecta type II 
Bonadio, Jeffrey; Ramirez, Francesco; Barr, Mason 
Howard Hughes Med. Inst., Univ. Michigan, Ann Arbor, 
MI, 48109-0650, USA 

Journal of Biological Chemistry (1990), 265(4), 2262-8 
CODEN: JBCHA3; ISSN: 0021-9258 
Journal 
English 

This study describes a homozygous, G .fwdarw. A transition at the 
moderately conserved +5 position within the splice donor site of intron 
in the human . alpha. 1 (I) collagen gene. The mutation reduced the 
efficiency of normal splice-site selection since the exon 
upstream of the mutation was spliced alternatively. 
Moreover, the extent of alternative splicing was 

sensitive to the temp, at which the mutant cells were grown, suggesting 
that the mutation directly affected spliceosome assembly. To achieve 
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exon skipping, this effect must be propagated so as to 

disrupt the selection of a second splice site in the adjacent intron. 
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The molecular basis of partial penetrance of splicing 
mutations in cystic fibrosis 

Rave-Harel, Maama; Kerem, Eitan; Nissim-Raf inia, 
Malka; Madjar, Igal; Goshen, Ran; Augarten, Arie; 
d^h = -i- a,/oipi-: Hnrwitz. Arve ; Darvasi. Ariel; 
Kerem , Batsheva 

Life Sciences Institute, Hebrew University, Jerusalem 
Israel 

American Journal of Human Genetics (1997), 60(1), 
87-94 

CODEN: AJHGAG; ISSN: 0002-9297 
University of Chicago Press 
Journal 
English 

The splicing variant, 5T allele, in intron 8 of the cystic fibrosis 
transmembrane conductance regulator (CFTR) gene was shown to be assocd. 
with partial penetrance of the clin. expression. This splicing variant 
leads to two possible transcripts: one normal and the other aberrantly 
spliced that lacks exon 9. The aim of this study was to analyze the mol . 
basis of the partial penetrance in individuals carrying the 5T allele. 
The authors analyzed the level of the correctly spliced RNA transcribed 
from the 5T allele in nasal and epididymal epithelium and correlated it 
with disease expression. Semiquant . nondif f erential reverse-transcriptas 
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PCR showed a considerable variability (6%-37%) in the total level of 
correctly spliced RNA transcribed from the 5T allele in nasal epithelium 
from 11 patients. A significant nonlinear correlation (r =.82) between 
the level of the normal CFTR transcripts and the severity of lung disease 
was shown. No individuals with normal lung function and minimal or no 
lung disease (FEV1 >8 0% predicted) had <25% of normal transcripts, and 
individuals with <15% of normal transcripts did not have FEV1 >80%. The 
level of normal transcripts in epididymal epithelial cells from four 
infertile males with congenital bilateral absence of the vas deferens was 
low (6-24%) . In infertile males with normal lung function the level of 
correctly spliced transcripts in the nasal epithelium was higher than the 
level in the epididymal epithelium. These results indicate that there is 

individuals and between different organs of the same individual. This 
variability provides the mol. basis of the partial penetrance of cystic 
fibrosis disease in patients carrying the 5T allele. 
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T. Maeda, Dept. Radiology Radiation Oncology, Osaka 
University, School of Dentistry, 1-8 Yamadaoka, Suita, 
Osaka 565-0871, Japan, tmaeda@radiol.dent.osaka-u.ac.jp 
Carcinogenesis, (1999) 20/12 (2341-2344) . 
Refs: 24 
ISSN: 0143-3334 
-United— Kingdom— 
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Journal; Article 

005 General Pathology and Pathological Anatomy 

016 Cancer 
English 
English 

Although the alternative splicing of various genes is a common event in 
human tumors,- the mechanisms behind it have not been characterized We 
hypothesized that the expression of splicing regulatory factors would be 
changed during cellular transformation. Gene expression of three 
splicing regulatory factors, alternative splicing 
factor/ splicing factor 2 (ASF/SF2), 

heterogeneous nuclear ribonucleoprotein A2 (hnRNP A2) and the 65 kDa 
subunit of U2 small nuclear ribonucleoprotein particles auxiliary factor 

(U2AF65), were examined by northern blotting in a two-step chemical 
transformation model. This in vitro model is composed of BALB/3T3 cells 
and a BALB/3T3-derived N-methyl-N-nitro-N-nitrosoguanidine 

(MNNG) -initiated cell line (MT-5). MT-5 cells can be transformed on 
exposure to 12-0-tetradecanoylphorbol-13-acetate (TPA) . ASF/SF2 mRNA 
levels were decreased 2-fold in both MNNG-initiated cells and TPA-induced 
transformed cells compared with the normal parental cells, whereas hnRNP 
A2 mRNA expression did not significantly change between these three types 
of cells. U2AF65 mRNA levels were markedly increased ( . apprx . 4.7-fold) 
associated with progression of cellular transformation. Moreover, RT-PCR 
analysis showed that distinct forms of ASF/SF2 mRNA were present in the 
MNNG-initiated cells and TPA-induced transformed cells but not in the 
parental cells. These findings indicate that ASF/SF2 or U2AF65 
gene expression is altered during in vitro two-step chemical 
transformation. The data suggest that the differential expression of 

alternatively spliced mRNAs encoded by various genes in tumor cells. 
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Functional analysis of cis-acting elements regulating the 
alternative splicing of human CFTR exon 9. 

Niksic M. ; Romano M.; Buratti E . ; Pagani F . ; Baralle F.E. 
F.E. Baralle, ICGEB, Padriciano 99, 34012 Trieste, Italy. 
baralle@icgeb . trieste . it 
Human Molecular Genetics, (1999] 
Refs: 40 
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Journal; Article 
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English 
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AB The rate of exon 9 exclusion from the cystic fibrosis 

transmembrane conductance regulator (CFTR) mRNA is associated with 
monosymptomatic forms of cystic fibrosis. Exon 9 
alternative splicing is modulated by a polymorphic 

polythymidine tract within its 3' splice site. We have generated a 
minigene carrying human CFTR exon 9 with its flanking intronic sequences 
and set up an in vivo model to study the cis-acting DNA elements which 
modulate its splicing. Transf ections into human cell lines showed that 

but not T9 or T7 alleles, significantly increases the alternative 
splicing of exon 9 Moreover,- we found that another polymorphic 
locus juxtaposed upstream of the T tract, and constituted by (TG) (n) 
repeats, can further modulate exon 9 skipping but only when activated by 
the T5 allele. Then, we extended our studies to the mouse CFTR exon 9 
which does not show alternative splicing. Comparison 

of human and mouse introns 8 and 9 revealed a low homology between the 

sequences and the absence of the human polymorphic loci within the mouse 
mtran— : 3-*— sp±xce-^3±te— We - have - testerd - ; a - Series of constructs where the 
whole human exon 9 with its flanking intronic sequences was replaced 
partially or completely by the murine counterpart. The transf ections of 
these constructs in human and murine cell lines reveal that also 
sequences 

of the downstream intron 9 affect exon 9 definition and co-modulate, with 
the UG/U 3' splice site sequences, the extent of exon 9 skipping in CFTR 
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Variable levels of normal RNA in different fetal organs 
carrying a cystic fibrosis transmembrane conductance 
regulator splicing mutation. 

Chiba-Falek O.; Parad R.B.; Kerem E . ; Kerem B. 
Dr. B. Kerem, Department of Genetics, Life Sciences 
Institute, Hebrew University, Jerusalem 91904, Israel. 
keremS . leonardo . Is . hu j i . ac . il 

American Journal of Respiratory and Critical Care 

(1999) 159/6 (1998-2002). 
Refs: 19 

ISSN: 1073-449X CODEN: AJCMED 
United States 
Journal; Article 

005 General Pathology and Pathological Anatomy 

048 Gastroenterology 

English 

Enalish 



CFTR 



tjj.aca.ac oe»cm.y varies among cystic IlDroslS l^t) 

patients carrying the same cystic fibrosis 

transmembrane conductance regulator (CFTR) genotype and among organs of 
the same individual. It has been shown that the class V splicing mutation 
3849 + 10 kb C . fwdarw. T produces both normal and aberrantly spliced 

transcripts. We analyzed the levels of normal CFTR messenger RNA (mRNA) 



different organs of an aborted fetus carrying the 3849 + 10 kb C .fwdarw. 
T mutation, and found that they correlated with the histopathologic 
changes observed in these organs. We performed semiquantitative 
nondif f erential reverse transcription-polymerase chain reaction on 
several 

organs from a 22- wk aborted CF fetus carrying the 3849 + 10 kb C 
. fwdarw. 

T mutation. A very low level (1%) of normal CFTR mRNA was detected in the 
severely affected ileum of this fetus. Higher levels were found in the 
histopathologically unaffected trachea (17%), colon (19%), and lung 
(26%) . 



'2- 



Thus, as early as in utero, the regulation of alternative splice-site 
selection is an important mechanism underlying variable CF severity. 
Understanding of the mechanisms regulating alternative 
splicing in different tissues will contribute to potential therapy 
for patients carrying splicing mutations in CF and other human disease 
genes . 
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Retinoic acid-induced differentiation of the pre-osteoblastic cell line, 
UMR 201, is associated with a marked increase in the proficiency of 
posttranscriptional nuclear processing of alkaline phosphatase mRNA. In 
this study we attempted to correlate the posttranscriptional actions of 
retinoic acid with changes in phosphorylation, or abundance of 
spliceosome 

components, or both. Treatment with retinoic acid for periods of 
. ltoreq. 4 

h resulted in dephosphorylation of nuclear Ul 70K protein without 
affecting its abundance. Peptide mapping showed that Ul 70K 
dephosphorylation was related to the disappearance of one specific 
phosphopeptide out of four major Ul 70K phosphopeptides . A twofold 
decrease in mRNA expression of an isoform of alternative 
splicing factor that inhibits splicing was also observed 
over the same period. Tumor necrosis factor- . alpha . , which enhances the 
posttranscriptional action of retinoic acid, reduced U170K mRNA 
expression, while an inhibition of retinoic acid action by transforming 
growth factor- . beta . was associated with a marked increase in Ul 70K mRNA 
levels. Our results draw attention to the complex interactions between 
short- and long-term alterations in the abundance and functional status 



of 
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the regulation of spliceosome formation and function. 
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AB PURPOSE. To identify differentially expressed genes in a human lens 
epithelial cell line exposed to oxidative stress. METHODS. Reverse 
transcriptase-polymerase chain reaction (RT-PCR) differential display was 
used to evaluate differential gene expression in a human lens 
epithelial cell line (SRA 01-04) when ceils were exposed for 3 hours to a 
single bolus of 200 .mu.M hydrogen peroxide. Differentially expressed 
genes were identified through DNA sequencing and a nucleotide database 
search. Differential expression was confirmed by northern blot and RT-PCR 
analyses. RESULTS. Using 18 primer sets, 28 RT-PCR products were 
differentially expressed between control and hydrogen peroxide-treated 
cells. In stressed cells, mitochondrial transcripts nicotinamide adenine 

di^4^1eo4^ide^^ADH^^ehydi:^ena^e^uteuni-t— 4~ and— cytochrome— b were 

downregulated 4-fold. Of the cytoplasmic mRNAs, glutamine 
cyclotransf erase 

decreased 10-fold, whereas cytokine-inducible nuclear protein, 
alternative splicing factor 2, and 

.beta.-hydroxyisobutyryl-coenzyme A hydrolase increased 2-, 4-, and 
10-fold, respectively. Analysis of mitochondrial transcripts in a 24-hour 

— — — — — >- ±*i-ujii uenjruiuycuaoc auuuui i_ h iiUu\i.H. decreased r>y 

2-fold as early as 1 hour after oxidative stress, whereas the rate of 
decrease was slower for cytochrome b, cytochrome oxidase III, and 16S 
rRNA. CONCLUSIONS. Oxidative stress induced specific expressed 
gene changes in hydrogen peroxide-treated lens cells, including 
genes involved in cellular respiration and mRNA and peptide processing. 
These early changes may reflect pathways involved in the defense, 
pathology, or both of the lens epithelium, which is exposed to oxidative 
stress throughout life. 
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AB We characterized the 3272-26A. fwdarw. G mutation in the cystic 

fibrosis transmembrane conductance regulator (CFTR) gene, creating 
an alternative acceptor splice site in intron 17a, that competes with the 
normal one, although we predict from consensus values, with lower 
efficiency. We analyzed five Cystic Fibrosis (CF) 

Portuguese patients with the 3272-26A. fwdarw. G/F508del genotype. Besides 
clinical and haplotype characterization of those patients, we report here 
results from CFTR transcript analysis in nasal brushings from all five 
patients. RT-PCR analysis supports alternative splicing 
in all patients and carriers, but not in controls. By sequencing, we 



determined that the alternative transcript includes 25 nucleotides from 
intron 17a, which predictively cause frameshift and a premature stop 
codon. The use of this alternative splice site causes a reduction in the 
levels of normal transcripts from the allele with this mutation and, most 
probably, of normal protein as well. By immunocytochemistry of both 
epithelial primary cell cultures and slices from CF polyps, CFTR protein 
is detected at the cell membrane, with three different antibodies. Using 
chamber analysis of one nasal polyp shows a high sodium absorption, 
characteristic of CF. Altogether, the results suggest that the main 
defect 

p an cor| *3j* r t*is 3272 — 2 * f wdca. evt . G nm. t s t i o n is s jrsdvictiori in n o zrmc* 1 CFTR 
transcripts and protein and therefore this mutation should be included in 
class V, according to Zielenski and Tsui. 
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The bovine papillomavirus type 1 (BPV-1) exonic splicing suppressor (ESS) 
is juxtaposed immediately downstream of BPV-1 splicing enhancer 1 and 
negatively modulates selection of a suboptimal 3' splice site at 
nucleotide 3225. The present study demonstrates that this pyrimidine-rich 
ESS inhibits utilization of upstream 3' splice sites by blocking early 
steps in spliceosome assembly. Analysis of the proteins that bind to the 
ESS showed that the U-rich 5 ' region binds U2AF65 and polypyrimidine 
tract. 

ij&i'nding protein, the C-rich central part binds 35- and 54-55-kDa 
_ serine/arginine- rich (SR) proteins, and the AG-rich 3' end binds 

u(Y® alternative splicing f actor/splicing 

^ factor 2. Mutational and functional studies indicated that the 

most critical region of the ESS maps to the central C-rich core 
(GGCUCCCCCt - This core seauence. alona with additional nonspecific 
\ " downstream nucleotides, is sumcient ror partial suppression ox 

spliceosome assembly and splicing of BPV-1 pre-mRNAs. The inhibition of 
splicing by the ESS can be partially relieved by excess purified HeLa SR 
proteins, suggesting that the ESS suppresses pre-mRNA splicing by 
interfering with normal bridging and recruitment activities of SR 
proteins . 
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AB The involvement of the five thymidine (5T) variant in intron 8 of the 
cystic fibrosis membrane regulator (CFTR) gene in 
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been extensively demonstrated. This variant leads to alternative 
splicing of the CFTR gene which results in a wild-type transcript 
^ and one without exon 9. Little is known about expression of the CFTR gene 

y)^ in the testis. We analysed the level of the aberrantly spliced 

transcripts 

in testicular biopsies and correlated it with disease expression. 
Quantitative RT-PCR analysis in testicular biopsies from control and 

"CBSVD 

patients showed a correlation between the length of the IVS8-6(T)(n) 

tract 

and the level of alternatively spliced transcripts. Results from 
histological analysis also suggest an involvement of the alternative 
transcript in the spermatogenic status of patients, leading to a 
decreased 

number of mature sperm forms in the tubule. 
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The efficient expression of therapeutic genes in target cells or tissues 
in an important component of efficient and safe gene therapy. Utilizing 
regulatory elements from the human cytokeratin 18 (K18) gene, including 



SOURCE 
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AB 



genomic sequences and one of its introns, we have developed a novel 
expression cassette that can efficiently express reporter genes, as well 
as the human cystic fibrosis transmembrane conductance 
regulator (CFTR) gene, in cultured lung epithelial cells. CFTR 
transcripts 

expressed from the native K18 enhancer/promoter include two 
alternative splicing products, due to the activation of 

two cryptic splice sites in the CFTR coding region. Modification of the 
K18 intro and CFTR cDNA sequences eliminated the cryptic splice sites 
without changing the CFTR amino acid sequence, and led to enhanced CFTR 
mRNA and protein expression as well as biological function. Transgenic 
expression analysis in mice showed that the modified expression cassette 
can direct efficient and epithelium-specific expression of the 
Escherichia 



coli LacZ gene in the airways of fetal lungs, with no detectable 
expression lung fibroblasts or endothelial cells. This is the first 
expression cassette which selectively directs lung transgene expression 
for CFTR gene therapy to airway epithelia. 
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AB The 5-thymidine (5T) variant of the cystic fibrosis 



(IVS8-T tract) is the most frequent CFTR gene alteration identified in 



men 



with congenital bilateral absence of vas deferens (CBAVD) . This 
alternative splicing variant gives rise to two 

transcripts, one normal with exon 9 intact and the other with in-frame 
deletion of exon 9. That CBAVD men usually have none of the other 
clinical 

signs of classical cystic fibrosis (CF) suggests less 
functional CFTR is produced in the reproductive tract than in other 
CF-associated organs. Nasal epithelia and segments of vas deferens were 
obtained from healthy, previously vasectomized men who presented for 
vasectomy reversal. Quantitative RT-PCR was performed on these specimens, 
with the region of CFTR cDNA spanning exon 9 amplified. For both nasal 

and 

vasal tissues, a strong positive correlation was found between the length 
of the IVS8-T tract and the proportion of mRNA with exon 9 intact. In 
addition, within the same subject, a significantly higher level of 
transcripts lacking exon 9 was found in vas deferens than nasal 
epithelia, 

regardless of the IVS8-T genotype. These findings suggest that the 
splicincr of CFTR precursor mRNA is less efficient in vasal epithelia 

COilipclxveu. w_L uii respiiduuiy cpxuncxxa. ihud, uxiicLcui-iax o^xx^xny 

efficiency between the various tissues which express CFTR provides one 
possible explanation for the reproductive tract abnormalities observed in 
infertile men with CFTR gene alterations but without other clinical 
manifestations of CF. 
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The SR splicing factors ASF/SF2 and SC35 have 
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AB Exons 6A and 6B of the chicken . beta . -tropomyosin gene are 

mutually exclusive and selected in a tissue-specific manner. Exon 6A is 
present in non-muscle and smooth muscle cells, while exon 6B is present 

in 

skeletal muscle cells. In this study we have investigated the mechanism 
underlying exon 6A recognition in non-muscle cells. Previous reports 

have 

identified a pyrimidine-rich intronic enhancer sequence (S4) downstream 

of 

exon 6A as essential for exon 6A 5 '-splice site recognition. We show 

here 

that preincubation of HeLa cell exts . with an excess of RNA contg. this 
sequence specifically inhibits exon 6A recognition by the splicing 
machinery. Splicing inhibition by an excess of this RNA can be rescued 



addn. of the SR protein ASF/SF2, but not by the SR proteins SC35 or 9G8 . 
ASF/SF2 stimulates exon 6A splicing through specific interaction with the 
enhancer sequence. Surprisingly, SC35 behaves as an inhibitor of exon 6A 
splicing, since addn. to HeLa nuclear exts. of increasing amts . of the 
SC35 protein completely abolish the stimulatory effect of ASF/SF2 on exon 
6A splicing. We conclude that exon 6A recognition in vitro depends on 

4- V, £5 

ratio of the ASF/SF2 to SC35 SR proteins. Taken together our results 
suggest that variations in the level or activity of these proteins could 
contribute to the tissue-specific choice of . beta . -tropomyosin exon 6A. 
In support of this we show that SR proteins isolated from skeletal muscle 
tissues are less efficient for exon 6A stimulation than SR proteins 
isolated from HeLa cells. 
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Overexpression of multidrug-resistance protein (MRP) and P-glycoprotein 
confers similar but not identical multidrug-resistance phenotypes. 
However, unlike P-glycoprotein, which comprises two membrane-spanning 
domains (MSDs) and two nucleotide-binding domains, MRP contains a third 
NH2-proximal MSD, a feature now identified in several other ATP-binding 
cassette transmembrane transporters. MRP is located on chromosome 16 at 
band 13.1 close to the short-arm breakpoint of the pericentric inversion 
associated with the M4Eo subclass of acute myeloid leukemia. We have 
defined the intron-exon structure of MRP and characterized a number of 
splicing variants of MRP mRNA. The gene spans at least 200 kb . It 
contains 

31 exons and a high proportion of class 0 introns, alternative 
splicing of which results in significant levels of variant 
transcripts that maintain the original open reading frame of MRP mRNA. 
Analyses of the conservation of intron-exon organization and protein 



primary structure suggest that the MRP-related transporters evolved from 



common ancestor shared with the cystic fibrosis 

transmembrane conductance regulator, by fusion with one or more genes 
encoding polytopic membrane proteins. 
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AB Dosage compensation in Drosophila requires the male-specific lethal (msl) 



chromosome equivalent to that from both female X chromosomes. Expression 
of msl2 is repressed post-transcriptionally by Sex lethal (SXL) , a 
female- 
specific RNA-binding protein that regulates alternative splicing in the 
sex- determination hierarchy. Although msl2 RNA is alternatively spliced 
in males and females, this does not alter its coding potential and 
splicing is not required for male-specific expression of MSL2 protein. 
Instead, our results suggest that the association of SXL protein with 
multiple sites in the 5' and 3' untranslated regions of the mxl2 
transcript represses its translation in females. Thus, this well 
characterized alternative splicing factor 

regulates at least one target transcript by a distinct mechanism. 
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Splicing of the Drosophila P-element third intron (IVS3) is inhibited in 
somatic cells, restricting transposase expression to the germ line. 
Somatic inhibition of IVS3 splicing involves the assembly of a 
multiprotein complex on a regulatory sequence in the IVS3 5' exon. The 
P-element somatic inhibitor protein (PSI) is a component of this 
ribonucleoprotein complex and is required for inhibition of IVS3 splicing 
in vitro. The soma-specif ic expression pattern of PSI suggests that its 
low abundance in the germ line allows IVS3 splicing. We demonstrate that 
ectopic expression of PSI in the female germ line is sufficient to 
repress 



splicing of an IVS3 reporter transgene. We also show that IVS3 splicing 

is 

activated in somatic embryonic cells in the presence of an antisense PSI 
ribozyme. These results support the model that PSI is a tissue-specific 
regulator of IVS3 splicing in vivo. 
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AB Previous studies have demonstrated a role for the -fos gene in 

promoting malignant conversion of mouse skin tumors. In the study 
reported 

here, differential display was performed to identify fos- and 
jun-regulated genes that are differentially expressed during premalignant 
progression. Total RNA isolated from variants of the papilloma cell line 
SP-1 transduced with retroviral vectors expressing v-jun and v-fos alone 
or in tandem was analyzed for the presence of differentially expressed 
transcripts by using 35 different primer combinations. Differentially 
expressed clones were rescreened by dot-blot analysis by using cDNA from 
chemically induced tumors with a high or low risk of malignant 
conversion. 

Three differentially displayed fragments were isolated in this analysis. 
Homology searches indicated that these fragments shared significant 
homology with the apoptosis inhibitor bcl-2, human alternative 
splicing factor/ splicing factor 2 

(ASF/SF2), and a novel gene not present in the GenBank or EMBL 
databases. In situ hybridization indicated that the expression levels of 
the bcl-2 homolog increased with malignant potential in chemically 



mouse skin tumors. A similar analysis indicated that expression of the 
ASF/SF2 homolog was greater in papillomas than in normal skin or in 
squamous cell carcinomas. Transcripts for this gene were most 
abundant in the granular layer. The expression pattern of the third 
differential display fragment was consistent with that of a tumor 
suppressor gene. This gene was expressed at very high 
levels in normal skin and benign papillomas but was essentially 
undetectable in squamous cell carcinomas. Through this approach, we 
identified known and novel genes that may contribute to malignant 
progression in epidermal tumors. 
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A.; Dietz, Harry C; et al. 
CORPORATE SOURCE: Dep. Physiol., Pediatrics, Med., Johns Hopkins Univ. 

Sch. Med., Baltimore, MD, 21205, USA 
SOURCE: Am. J. Physiol. (1996), 270(6, Pt. 2), F1038-F1048 

CODEN: AJPHAP; ISSN: 0002-9513 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The cystic fibrosis transmembrane conductance regulator (CFTR) consists 
of 

five domains, two transmembrane-spanning domains, each composed of six 
transmembrane segments, a regulatory domain, and two nucleotide-binding 
domains (NBDs) . CFTR is expressed in kidney, but its role in overall 
renal function is not well understood, because mutations in CFTR found in 
patients with cystic fibrosis are not assocd. with renal dysfunction. To 
learn more about the distribution and functional forms of CFTR in kidney, 
we used a combination of mol . , cell biol., and electrophysiol . 
approaches . 

These-4_-neittde— ail— evaitt^fcion— GF-TR-HfnRNA— and— p^tei-n— exp-r-ession-, — as w e ll — 

as both two-electrode and patch clamping of CFTR expressed either in 
Xenopus oocytes or mammalian cells. In addn. to wild-type CFTR mRNA, an 
alternate form contg. only the first transmembrane domain (TMD) , the 

first 

NBD, and the regulatory domain (TNR-CFTR) is expressed in kidney. 
Although missing the second set of TMDs and the second NBD, when 

:cocu 

in Xenopus oocytes, TNR-CFTR has cAMP-dependent protein kinase A 
(PKA) -stimulated single CI- channel characteristics and regulation of PKA 
activation of outwardly rectifying Cl- channels that are very similar to 
those of wild- type CFTR . TNR-CFTR mRNA is produced by an unusual mRNA 
processing mechanism and is expressed in a tissue-specific manner 
primarily in renal medulla. 
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AB Continuous replication of human immunodeficiency virus type 1 requires 

expression of the regulatory protein Rev, which binds to the Rev response 
element (RRE) and up-regulates the cytoplasmic appearance of singly 
spliced and unspliced mRNA species. It has been demonstrated that the 
murine protein YL2 interacts with Rev in vivo and modulates the activity 
of Rev (Luo, Y . , Yu, H., and Peterlin, B. M. (1994) J. Virol. 68, 
3850-3856) . Here we show that the YL2 human homolog, the p32 protein, 
which co-purifies with alternative splicing 

factor ASF/SF2, interacts directly with the basic domain of Rev in 
vitro and that the Rev-p32 complex is resistant to high concns . of salt 

or 

nonionic detergent. Protein footprinting data suggest that Rev interacts 
specifically with amino acids within the 196-208 region of p32 . An anal, 
of the ternary complex, formed among p32, Rev, and RRE RNA, shows that 



Rev 



can bridge the assocn. of p32 and RRE. Furthermore, we demonstrate that 
exogenously added p32 specifically relieves the inhibition of splicing in 
vitro exerted by the basic domain of Rev. Our data are consistent with a 



model in which p32 functions as a link between Rev and the cellular 
splicing app. 
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Cystic fibrosis gene encodes a cAMP-dependent 
channel in heart 

Hart, Padraig; Warth, John D.; Levesque, Paul C; 
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Hume, Joseph R. 

Department Physiology Cell Biology, University Nevada 
School Medicine, Reno, NV, 89557-0046, USA 
Proc. Natl. Acad. Sci . U. S. A. (1996), 93(13), 
6343-6348 

CODEN: PNASA6; ISSN: 0027-8424 
Journal 
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AB CAMP-dependent chloride channels in heart contribute to autonomic 

regulation of action potential duration and membrane potential and have 
been inferred to be due to cardiac expression of the epithelial cystic 
fibrosis transmembrane conductance regulator (CFTR) chloride channel. In 
this report, a cDNA from rabbit ventricle was isolated and sequenced, 
which encodes an exon 5 splice variant (exon 5-) of CFTR, with >90% 
identity to human CFTR cDNA present in epithelial cells . Expression of 
this cDNA in Xenopus oocytes gave rise to robust cAMP-activated chloride 
currents that were absent in control water-injected oocytes. Antisense 
oligodeoxynucleotides directed against CFTR significantly reduced the d. 
of cAMP-dependent chloride currents in acutely cultured myocytes, thereby 
establishing a direct functional link between cardiac expression of CFTR 
protein and an endogenous chloride channel in native cardiac myocytes. 
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Alternative splicing factor/ splicing 
factor 2 (ASF/SF2) is the prototype of a family of nuclear 
proteins highly conserved throughout metazoa, the SR ( serine/arginine ) 
proteins. Based largely on in vitro studies, SR proteins have been 
suggested to play important roles in constitutive and alternative 
splicing 

of pre-mRNAs . Here we describe the development of a genetic system 
employing the chicken B-cell line DT40 to study the function of ASF/SF2 

in 

vivo. The high level of homologous recombination and rapid growth rate of 

these cells allowed us to show first that ASF/SF2 is an essential 

gene, and then to perform targeted disruption of both ASF/SF2 

alleles, by creating a cell line in which the only source of ASF/SF2 is a 

human cDNA controlled by a tetracycline (tet) -repressible promoter. We 

show that addition of tet to these cells results in rapid depletion of 

ASF/SF2, concomitant accumulation of incompletely processed pre-mRNA, and 



AUTHOR : 

CORPORATE SOURCE: 

SOURCE : 

COUNTRY : 
DOCUMENT TYPE: 
FILE SEGMENT: 

SUMMARY LANGUAGE: 
AB 



subsequent cell death. The tet- induced lethality could be rescued by 
plasmids expressing wild-type ASF/SF2, but not several mutant 
derivatives, 

or other SR proteins. Heterozygous cell lines overexpressing human 
ASF/SF2 

displayed significant reductions of endogenous ASF/SF2 mRNA, suggesting 
that ASF/SF2 mRNA levels are controlled by an autoregulatory loop. This 
system provides a novel method for genetic analysis of factors that 
function in basic processes in vertebrate cells. 
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AB Alternative processing of the pre-messenger RNA encoding 

calcitonin/calcitonin gene-related peptide (CT/CGRP) involves 
alternative inclusion of a 3' -terminal exon (exon 4) embedded within a 

six 

exon primary transcript. Expression of CT/CGRP in transgenic mice 
indicates that inclusion of exon 4 occurs in a wide variety of tissues, 
suggesting that the factors responsible for exon 4 inclusion are widely 
distributed. Inclusion of exon 4 requires an enhancer sequence located 
within the intron downstream of the poly (A) site of exon 4. Here we show 
that the intron enhancer activated in vitro polyadenylation cleavage of 
precursor RNAs containing the CT/CGRP exon 4 poly (A) site or heterologous 
poly (A) sites. To our knowledge this is the first example of an 
intron-located enhancer that facilitates polyadenylation. Within the 
enhancer sequence is a 5 ' splice site sequence immediately preceded by a 
pyrimidine tract. This 5' splice site sequence was required for enhanced 
polyadenylation and was recognized by both Ul small nuclear 
ribonucleoproteins (snRNPs) and alternative splicing 
factor/ splicing factor 2 (ASF/SF2) . 

Enhancement of polyadenylation required Ul RNA, suggesting that the 5 ' 
snl i c.e srt.e seauence within the enhancer mediates enhancement vi a 
interaction witn iactors normally associatea witn runctionai o • splice 
sites. Mutation of the polypyrimidine track of the enhancer also 
inhibited 

in vitro polyadenylation cleavage. Oligonucleotide competitions and UV 
cross-linking indicated that the enhancer pyrimidine track binds the 
polypyrimidine tract binding protein (PTB) , but not U2 snRNP auxiliary 
factor (U2AF) , and that binding of PTB was required for maximal 
enhancer-mediated polyadenylation. These results suggest that the 
enhancer 

binds known splicing factors, and that binding of these factors activates 
polyadenylation cleavage. Furthermore, these results suggest that 
regulation of alternative processing of CT/CGRP could occur at the level 
of polyadenylation, rather than splicing. 
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Switzerland 
Journal; Article 
015 Chest Diseases, 

022 Human Genetics 

English 
English 

Using— in— v-i^r^— amplnLnf-i-ea^i-on— of— eBNA-b y th e p olryme^ra-se— ehad-n-^r-eactjron^ — we 
analyzed alternatively spliced events of cystic fibrosis 
transmembrane conductance regulator gene in lymphoblastoid cells. Ten 
alternatively spliced transcripts were identified using analysis of 6 
overlapping segments of amplified cDNA, 4 of which have not been 
described 

previously. These include transcripts lacking exon 16, 17b, 22 and a 

+" V5n PPK-i >-\"f- vacill H «/t -f- r-rvm 4" V\ ^ lica r-\ -f- v~ t t>-n +- 4 r~i ^ *-i /-% «-r 

^^Ullh»^^Xyi^ 1. V^O UJ. OXll^ X. J_ WILL L.11V., liltJt— W X. U \^ J_ y »— J. W U.lrfV_rGL 

sites. Moreover, in 2 cystic fibrosis (CF) patients 
bearing nonsense mutations E60X or W1282X, we observed that nonsense 
mutations are associated with an alteration of splice site selection in 
vivo resulting in exon skipping of constitutive exons or in the use of 
cryptic splice sites. In addition, even though lymphoblastoid cells are 
not the relevant tissue to address the question of the relationship 
between clinical respiratory phenotype and genotype, our results 
concerning adult CF patients ( .DELTA. F508/ .DELTA. F508) suggest that 
individual-specific RNA splicing patterns could influence the severity of 
the CF pulmonary disease. If this phenomenon of alternative 
splicing events proves to be significant in CF and to be a common 
feature of disease genes, the study of RNA splicing could become an 
important tool for the analysis of the genotype-phenotype relationship in 
many inherited disorders. 
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Identification and characterization of three members 
of the human SR family of pre-mRNA splicing factors 
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Journal 
English 

SR proteins have a characteristic C-terminal Ser/Arg-rich repeat (RS 
domain) of variable length and constitute a family of highly conserved 
nuclear phosphoproteins that can function as both essential and 
alternative pre-mRNA splicing factors. The authors have cloned a cDNA 
encoding a novel human SR protein designated SRp30c, which has an 
unusually short RS domain. The authors also cloned cDNAs encoding the 
human homologues of Drosophila SRp55/B52 and rat SRp40/HRS. Recombinant 
proteins expressed from these cDNAs are active in constitutive splicing, 



v4 



as shown by their ability to complement a HeLa cell S100 ext. deficient 



of 



of 



SR proteins. Addnl . cDNA clones reflect extensive alternative splicing 

SRp40 and SRp55 pre-mRNAs . The predicted protein isoforms lack the 
C-— terminal RS domain and. might be involved in feedback regulatory loops 
The ability of human SRp30c, SRp40 and SRp55 to modulate alternative 
splicing in vivo was compared with that of other SR proteins using a 
transient cotransf ection assay. The overexpression of individual SR 
proteins in HeLa cells affected the choice of alternative 5' splice sites 

^•F *-HC. IT 1 Tl ^»^/^*»- Ul11Y.^ n ,-, -J . 4-W-.-I-... 4- ' ml. - 

•~- wv*^nw v uxxi uiiu/ wi. iiuutiaii . ua . - Laaj.aoacuu.d icpuiteit) . rut; 

resulting splicing patterns were characteristic for each SR protein. 
Consistent with the postulated importance of SR proteins in alternative 
splicing in vivo, the authors demonstrate complex changes in the levels 

mRNAs encoding the above SR proteins upon T cell activation, concomitant 
with changes in the expression of alternatively spliced isoforms of CD44 
and CD45. 
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Purification and characterization of a kinase specific for 
the serine- and arginine-rich pre-mRNA splicing factors. 
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Members of the SR family of pre-mRNA splicing factors are phosphoproteins 
that share a phosphoepitope specifically recognized by monoclonal 
antibody 

(mAb) 104. Recent studies have indicated that phosphorylation may 
regulate 

the activity and the intracellular localization of these splicing 
factors . 

Here, we report the purification and kinetic properties of SR protein 
kinase 1 (SRPK1), a kinase specific for SR family members. We demonstrate 
that the kinase specifically recognizes the SR domain, which contains 

dephosphorylated 

SR proteins did not react with mAb 104 and migrated faster in SDS gels 
than SR proteins from mammalian cells. We show that SRPK1 restores both 
mobility and mAB 104 reactivity to a SR protein SF2/ASF (splicing factor 
2 /alternative splicing factor) produced in 

bacteria, suggesting that SRPK1 is responsible for the generation of the 
mAb 104-specific phosphoepitope in vivo. Finally, we have correlated the 
effects of mutagenesis in the SR domain of SF2/ASF on splicing with those 
on phosphorylation of the protein by SRPK1, suggesting that 
phosphorylation of SR proteins is required for splicing. 
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Replication of human immunodeficiency virus type 1 requires expression of 
the viral trans activator Rev. Rev binds to a highly structured RNA, the 
Rev response element, which is present in singly spliced and unspliced 
genomic viral RNAs . Although Rev helps to transport these transcripts 

the nucleus to the cytoplasm, the mechanism(s) involved is not fully 
understood. Using the yeast two-hybrid system, we isolated a murine 
protein (YL2) that interacts with the basic domain of Rev, which is 
essential for the function of Rev in vivo and for the inhibitory splicing 
activity of Rev in vitro. YL2 has 9 2% identity to a human 32-kna protein 




(p32), which copurifies with alternative splicing 
factor SF2/ASF. Furthermore, we found that whereas expression of 
YL2 greatly potentiated the activity of Rev, antisense YL2 transcripts 
blocked the effects of Rev in mammalian cells. YL2 also increased the 
/I) activities of Rex on the Rex response element and of hybrid Rev proteins 

fused to Tat and the coat protein of bacteriophage MS 2 on their 
S-s respective 

RNAs. Thus, YL2 or p32 is a cellular protein that modulates the function 
of human immunodeficiency virus type 1 Rev. 
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Regulation of tissue-specific P-element pre-mRNA splicing 
requires the RNA-binding protein PSI . 
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Department of Molecular and Cell Biology, University of 
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a multiprotein complex to a 5 1 exon inhibitory element appears 
splicing of the Drosophila P-element third intron (IVS3) in 



and 



site 



soma. We have purified 97- and 50-kD proteins that interact specifically 
with the inhibitory element using RNA affinity chromatography. Antibodies 
specific for the 97-kD protein relieve inhibition of IVS3 splicing in 
somatic extracts, providing direct evidence that inhibition requires this 
protein, P-element somatic inhibitor (PSI) . We identify the 50-kD protein 
as hrp48, a protein similar to the mammalian splicing factor hnRNP Al, 

show that hrp48 recognizes specific nucleotides in a pseudo-5' splice 

within the inhibitory element. The results indicate that PSI is an 
alternative splicing factor that regulates 

tissue-specific splicing, probably through interactions with generally 
expressed factors such as hrp48. 
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Regulation of alternative splicing in vivo by 
overexpression of antagonistic splicing factors 
Caceres, Javier F . ; Stamm, Stefan; Helfman, David M. 
Krainer, Adrian R. 

Colod Spring Harbor Lab., Cold Spring Harbor, NY, 
11724, USA 

Science (Washington, D. C.) (1994), 265(5179), 1706- 
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Journal 
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The opposing effects of SF2/ASF and heterogeneous nuclear 
ribonucieoprotein (hnRNP) Ai influence alternative splicing in vitro. 
SF2/ASF or hnRNP Al complementary DNAs were transiently overexpressed ii 
HeLa cells, and the effect on alternative splicing of several 
co-transf ected reporter genes was measured. Increased expression of 
SF2/ASF activated proximal 5' splice sites, promoted inclusion of a 
neuron-specific exon, and prevented abnormal exon skipping. Increased 
expression of hnRNP Al activated distal 5' splice sites. Therefore, 
-"va-rjrafei-ons— i-n— t&e— i-nfe-raeeHml-a-r— leve±s— of— antragonl-st±c— spl-xc ing f-acfo~r~g 
influence different modes of alternative splicing in vivo and may be a 
natural mechanism for tissue-specific or developmental regulation of 
gene expression. 
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Analysis of mutations and alternative splicing 
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AB Ten to fifteen percent of cystic fibrosis (CF) chromosomes carry 
mutations 

which are not detected by routine screening of the CFTR gene for known 
mutations. Many techniques have been used to screen the CFTR gene for 
these remaining mutations. Most of the methods use genomic DNA, and 

since 

the CFTR gene contains 27 exons, are necessarily labor intensive. The 
authors have screened the entire coding region of CFR, by chem. cleavage 
of 7 overlapping segments of amplified cDNA. Using this method the 
authors have identified 4 sequence changes which had not been detected by 
screening genomic DNA, and successfully detected 10 out of 13 known 

forms of CFTR mRNA, 4 of which have not been described previously. These 
include transcripts lacking (a) exon 3, (b) exons 2+3, (c) exons 9 + 



12, 



and (d) the final 357 bp of exon 15 as a result of use of the cryptic 
splice donor site CA2 863/GTTCGT . 
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Alternative splicing of the first nucleotide binding 
fold of CFTR in mouse testes is associated with 
specific stages of spermatogenesis 
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AB The alternatively spliced CFTR exon llb+ transcripts were produced 
predominantly, if not exclusively, in the germ cells of the murine 
hfisti s . 

Alternative splicing of exon llb+ coincided with the germ cell stage at 
which the majority of CFTR transcription occurred. 
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Exon 9 of the CFTR gene: Splice site haplotypes and cysti 
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SUMMARY LANGUAGE: English 

AB The alternatively spliced exon 9 of the cystic fibrosis 

transmembrane conductance regulator (CFTR) gene codes for the initial 



part 
of 



of the amino-terminal nucleotide-binding fold of CFTR. A unique feature 



the acceptor splice site preceding this exon is a variable length 
polymorphism within the polypyrimidine tract influencing the extent of 
exon 9 skipping in CFTR mRNA. We investigated this repeat for its 
relationship to CFTR mutations and intragenic markers on 200 chromosomes 
from German patients with cystic fibrosis (CF) . Four 
frequent length variations were strongly associated with the four 
predominant haplotypes previously defined by intragenic marker 
dimorphisms . One of these alleles displayed absolute linkage 
disequilibrium to the major CF mutation . DELTA. F5 08. Other frequent CFTR 
mutations were linked to one particular splice site haplotype indicating 
that differential exon 9 skipping contributes little to the clinical 
heterogeneity among CF patients with an identical mutation. We also 
identified a novel missense mutation (V456F) and a novel nonsense 
mutation 

(Q414X) within the codina reaion of exon 9. The raj ssense mutati nn 

patient . 
compound 

heterozygote suffered from a severe form of the disease, indicating that 
alternative splicing of exon 9 does not overcome the 
deleterious effect of a stop codon within this exon. 



uvj maj.js.ei_ iiiuL.j.1. .-_ was pjicsenu in a pancreas-sumcient cjf 
In contrast, the pancreas-insufficient Q414X/ . DELTA. F508 



L12 ANSWER 30 OF 45 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR ( S ) : 

CORPORATE SOURCE: 
SOURCE : 

DOCUMENT TYPE: 



CAPLUS COPYRIGHT 2000 ACS DUPLICATE 2 4 

1993:556834 CAPLUS 
119:156834 

Alternative splicing of CFTR chloride channels in 
heart 

Horowitz, Burton; Tsung, Stephen S.; Hart, Padraig; 

Levesque, Paul C; Hume, Joseph R. 

Sch. Med., Univ. Nevada, Reno, NV, 89557, USA 

Am. J. Physiol. (1993), 264(6, Pt. 2), H2214-H2220 

CODEN: AJPHAP; ISSN: 0002-9513 

Journal 



LANGUAGE: English 

AB The authors amplified cDNA from rabbit ventricle and cloned fragments 

corresponding to the 12 transmembrane spanning domains of the epithelial 
CFTR transcript. The deduced sequence from rabbit heart indicated 
deletion of a 3 0-amino acid segment in the 1st cytoplasmic loop of CFTR, 
which corresponds to known locations of intron-exon junctions bordering 
exon 5 in the CFTR gene, suggesting that CFTR is alternatively spliced in 
heart. Outside this region, the heart CFTR isoform displayed >95% 
identity to human epithelial CFTR. Mol. anal, demonstrated CFTR 
expression only in cardiac tissues that exhibited a cAMP-dependent Cl- 
conductance in native cells. The expression of a specific isoform of 



CFTR 



CI- channels in mammalian heart may have functional and clin. 
significance. 
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ItlRNA 

Trezise, Ann E. O.; Buchwald, Manuel; Higgins, 
Christopher F. 

John Radcliffe Hosp., Univ. Oxford, Oxford, OX3 9DU, 
UK 

Hum. Mol. Genet. (1993), 2(6), 801-2 
CODEN: HMGEE5; ISSN: 0964-6906 
Journal 
English 

AB In this communication the authors describe the testis-specif ic, 

alternative splicing of CFTR mRNA in rodents. By Northern blot anal, a 
single transcript, approx. 6.0 kb in length, was identified in parotid 
gland, submaxillary gland, uterus, pancreas, trachea, lung, stomach, 
duodenum, jejunum, proximal colon and distal colon (data not shown in rat 
and/or mouse. In contrast, Northern blot anal, of mouse and rat testis 
RNA reveals 2 mRNA transcripts corresponding to CFTR coding sequences. 
One transcript was approx. 6 kb in length, similar to the transcript seen 
in all other cells and tissues examd. The 2nd, testis-specif ic 
transcript, approx. 1 kb larger, was found in RNA isolated from the 

testes 

of both mouse and rat. 

present 

in approx. equal amts . , while in rat testes the larger transcript 
predominated . 



In the mouse testes, both transcripts were 
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mutations in the CFTR gene 
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Three different putative splicing mutations in the CFTR gene have been 
studied by analyzing mRNA extd. from nasal epithelial cells harvested 
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DOCUMENT TYPE: 
LANGUAGE : 
AB 



patients with cystic fibrosis. Six patients were analyzed, all of whom 
had classical symptoms of cystic fibrosis (CF) . Two patients carried the 
621 + 1G .fwdarw. T mutation, 3 patients carried the 1717 - 1G .fwdarw. A 
mutation and 1 patient carried the 1898 + 1G .fwdarw. A mutation. All 
patients carried the . DELTA. F508 mutation on the other chromosome. Ten 
non-CF control subjects were also studied. The 621 + 1G .fwdarw. T 



mutation resulted in activation of an alternative splice site within exon 
4 in one patient and activation of this site or skipping of exon 4 in the 
other patient. The 1717 - 1G . fwdarw. A mutation resulted in skipping of 
exon 11 in all 3 patients studied and the 1898 + 1G .fwdarw. T mutation 
resulted in skipping of exon 12. These expts . demonstrate that these 
mutations do result in aberrant splicing of CFTR mRNA as predicted from 
the changes in genomic sequence . 



L12 ANSWER 33 OF 45 EMBASE 
ACCESSION NUMBER: 93021377 
DOCUMENT NUMBER : 



COPYRIGHT 2000 ELSEVIER SCI. B.V. DUPLICATE 27 
EMBASE 



and 



AUTHOR : 

CORPORATE SOURCE: 



1993021377 

Alternative splicing of intron 23 of 
the human cystic fibrosis transmembrane 
conductance regulator gene resulting in a novel exon 
transcript coding for a shortened intracytoplasmic C 
terminus . 

Yoshimura K.; Chin Shyan Chu; Crystal R.G. 
Pulmonary Branch, NHLBI, National Institutes of 
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SOURCE: Journal of Biological Chemistry, (1993) 268/1 (686-690) . 
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English 
English 

The cystic fibrosis transmembrane conductance 

regulator (CFTR) gene, the gene responsible for the lethal hereditary 
disorder cystic fibrosis, codes for a membrane protein 
functioning as a cAMP-regulated CI- channel. Evaluation of human CFTR 

transcripts from epithelial and nonepithelial cells demonstrated a CFTR 
cDNA containing a 260-base pair (bp) insertion between the known CFTR 
exons 23 and 24, introducing a premature stop codon that would result in 

a 

CFTR protein shortened by 61 amino acids at the carboxyl terminus 
compared 

to that expected from the normal reported human CFTR coding sequences . 
Sequence analysis of intron 23 of the CFTR gene demonstrated that the 
260-bp insertion (named exon 24a), a part of the reported intron 23 and 
located consecutive to exon 24, is likely generated by an alternative 
splice acceptor site. The exon 24a+ CFTR mRNA transcripts represented 
3-16% of the total CFTR transcripts in epithelial and nonepithelial 
cells . 

These observations suggest an unexpected plasticity of expression of the 
CFTR gene, where alternative splicing of precursor 

— jr x — — — — — — — " wj. ta ^j.ii«oj.v^ i— j_ j_ v cw j_ j_ 

a genomic segment previously believed to function as an intron. 
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Analysis of CFTR transcripts in nasal epithelial 

and lymphoblasts of a cystic fibrosis patient with 

+ 1G .fwdarw. T and 711 + 1G .fwdarw. T mutations 
Zielenski, Julian; Bozon, Dominique; Markiewicz, 
Danuta; Aubin, Gervais; Simard, Fernand; Rommens, 
Johanna M. ; Tsui, Lap Chee 

Dep. Genet., Hosp. Sick Child., Toronto, ON, M5G 1X8, 
Can. 
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AB The authors have analyzed the CFTR mRNA populations in a cystic fibrosis 
patient heterozygous for the 621 + 1G .fwdarw. T and 711 + 1G .fwdarw. T 
mutations. Total RNA isolated from the nasal epithelial cells and 
Epstein-Barr virus-transformed lymphoblasts derived from this patient was 
reversely transcribed and a region extending from exon 3 to exon 7 of the 
gene was amplified by the polymerase chain reaction and analyzed. Three 
abnormal products were identified, suggesting the presence of three 
aberrant transcripts, and their profiles were identical in both cell 
types. Two of the products were found to be missing either exon 4 or 

exon 

5 as anticipated from the transcripts from the 621 + 1G .fwdarw. T or 711 
+ 1G .fwdarw. T alleles, resp. The third product was apparently derived 
from an alternatively spliced mRNA species in the absence of the nominal 
splice site (in 621 + 1G .fwdarw. T) through the use of a cryptic splice 
donor sequence (TT528/GTGAGG) within exon 4. Although reading frames 
appeared to be preserved in all three putative transcripts, significant 
po^rtiens— o^-^fche— p^resumed-^i-rst— ^ and^eeond^ransmeinbraTie— spaii-s^-s^eTl"~as — 



with 



the immediately following cytoplasmic domain would be deleted from the 
mutant CFTR polypeptides, if made. These observations are consistent 

a loss of CFTR function in this cystic fibrosis patient. 
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AB CFTR mRNA transcripts were analyzed from freshly isolated nasal 
epithelial 

cells and lymphocytes (six individuals) and from lymphocytes alone from 

14 

further individuals. In four of these 2 0 individuals alternative 
splicing 

was obsd. within the region coding for the first nucleotide binding fold. 
The RNA sequence between exons 10 and 13 was converted to cDNA and 
amplified by the polymerase chain reaction (PCR) . Two PGR products of 

5 83 

that the 583 bp PCR fragment contained an addnl . 119 bp sequence between 
exon 10 and exon 11, directly at the normal junction. This insertion 
contains an in frame stop codon and would, if translated, cause a shift 

in 

the reading frame. This stop codon does not result in an undetectable 
mRNA level as seen with other nonsense mutations within the same region 

of 

the CFTR gene. The alternatively spliced mRNA was found to be 
transcribed 

from both CF and normal alleles. The 119 bp fragment was amplified from 
genomic DNA and from the genomic phage TE24V, which includes exon 9, 
intron 9, exon 10 and a part of intron 10 by PCR using primers created 
from within the inserted sequence. In addn., the insertion was mapped to 
a 1 Kb EcoRI fragment of phage TE24V by Southern-blot anal. Sequencing 
the insert surroundings within the phage TE24V revealed consensus splice 
sites (donor and acceptor sites, branch point) . Furthermore no 
alterations were detected in the splice site sequences between 
individuals 



who express the aberrantly spliced product and those who do not. 
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introduces an in-frame stop codon 5 1 of the R region. 
Melo C.A.; Serra C; Stoyanova V.; Aguzzoli C; Faraguna 
D.; Tamanini A.; Berton G. ; Cabrini G. ; Baralle F.E. 
International Center for Genetic. Engineering and 
Biotechnology, Area Science Park, Padriciano 99,34012 
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LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB The cystic fibrosis transmembrane conductance 

regulator (CFTR) has been extensively characterized as the carrier of the 
basic defect in cystic fibrosis. CFTR is part of a 

growing family of proteins encoded by a single gene, the variant isoforms 
of which are Generated bv aH-omafi™ enii^nn rsr omi 

- J — • — — x-— — — — »3 — - 

editing. We have analyzed the CFTR mRNA in the region of exons 10-11 in 
T84 cells and detected an alternatively spliced exon (10b) accounting for 
about 5% of the CFTR mRNA. The exon 10b found in both the human and mice 
genomes, introduces an in-frame stop codon. The resulting mRNA is 
translated into a truncated CFTR protein, identified in T84 cells by 
immunoprecipitation with the CFTR-specif ic monoclonal antibody MATG 1061. 
The insertion of a differentially spliced exon carrying an in-frame stop 
codon is a novel cellular mechanism for the production of a protein 
sharing common sequences with another, but having different properties 



and 



functions . 
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Specific commitment of different pre-mRNAs to 
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Fu, Xiang Dong 
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CODEN: NATUAS; ISSN: 0028-0836 
Journal 
English 

Higher eukaryotic cells express a family of essential splicing factors 
with a characteristic RNA-binding domain and serine/arginine-rich (SR) 
motif. These SR proteins, which include SC35 and SF2/ASF, are conserved 
from Drosophila to man, are required for early steps of spliceosome 
assembly, and can influence splice-site selections. To address their 
mechanisms of action, SR proteins are examd. for their role in committing 
pre-mRNA to the splicing pathway. SC35 was sufficient on its own to form 
a committed complex with human .beta . -globin pre-mRNA. Examn. of other 

proteins and pre-mRNA substrates revealed that single SR proteins 
committed different pre-mRNAs to splicing with pronounced substrate 
specificity. These results suggest that splicing of different pre-mRNAs 
may require distinct sets of SR proteins, and that the commitment by SR 
proteins may be a crit. step at which alternative and tissue-specific 



splicing is regulated. 
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Regulation of cystic fibrosis transmembrane 
conductance regulator (CFTR ) gene transcription and 
alternative RNA splicing in a model of developing 
intestinal epithelium 

Montrose-Rafizadeh, Chahrzad; Blackmon, Denis 
Hamosh. Ada: Ol 



.se L 

curnstm, Sheila M. ; Griffin, Constanc^A^ 
Vincent W.; Guggino, William B . ; et al. 
Sch. Med., Johns Hopkins Univ., 
USA 

J. Biol. Chem. (1992), 267(27), 
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Journal 



Yang, 

Baltimore, MD, 21205 
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AB 



HT2 9 



Eng-l-i-sh 

Transcriptional and post-transcriptional regulation of CFTR (cystic 
fibrosis transmembrane conductance regulator) gene expression was studie 
in HT29 cells. It is known that the abundance of CFTR mRNA increases 
during differentiation of pluripotent HT29-18 cells and is maintained at 
high levels in the stably differentiated HT29-18C1 subclone. Nuclear 
run-on assays suggest that increased transcription of the CFTR gene 
explains the inr.rpaspH a)-iiin^ = rH^.o ^ * 4- ni — . n /-.mmr. —t^xt-^ j _ , . - ~ . . 

— wi.ai win iiuMN/i in aurerentiated 

cells. The increased transcription cannot be ascribed to cell 
cycle-dependent expression of the CFTR gene or to changes in CFTR gene 
copy no. between subcloned cells. Similar to native tissue cells, 
differentiated HT29 cells contain low copy nos . of CFTR transcripts 
(1-5/cell), and a portion of the CFTR transcripts are alternatively 
^ot C ?o t0 remove exon 9 < and make 9- mRNA) . During differentiation of 
HT29-18 cells, the abs . amt . of full-length CFTR mRNA increases 8-fold 
whereas the amt. of 9- mRNA increases 18-fold. The fraction of 9- mRNA 

the CFTR mRNA pool is increased in differentiated HT29 cells The 
results 

show that gene transcription regulates the abundance of CFTR transcripts 
and that regulatory control of alternative RNA splicing may also be a 
cellular mechanism to modulate CFTR function. 



in 
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A potential splicing factor is encoded by the opposite 
strand of the trans-spliced c-mvb exon. 
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We previously established that the expression of a thymic c-myb mRNA 
species requires the intermolecular recombination of coding sequences 
expressed from transcriptional units localized on different chromosomes, 
in both chicken and human. We now report that a putative splicing factor 
(PR264), extremely well conserved in chicken and human, is encoded by the 
opposite strand of the c-myb trans-spliced exon. The PR2 64 polypeptide 
which contains a typical ribonucleoprotein 80 and an arginine/serine-rich 
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domain, is highly homologous to the Drosophila splicing regulators tra, 
tra-2, and su(wa) and to the human alternative splicing 
factor ASF/SF2. Furthermore, we show that PR264-specif ic mRNAs are 
expressed in normal hematopoietic cells of chicken and human origin and 
that the relative proportion of the PR2 64 transcripts is developmentally 
regulated in chicken. 
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Omission of exon 12 in cystic fibrosis transmembrane 
conductance regulator (CFT'R) gene transcripts. 
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Cystic fibrosis transmembrane conductance regulator 
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' non-expressing ' 

cell types of normal individuals exhibit differntial splicing to a 
variable extent in a region encoding the putative nucleotide binding fold 
of the CFTR polypeptide. Sequence analysis of the aberrant fragments 
obtained after cDNA polymerase chain reaction amplification confirmed the 
in-frame joining of exons 11 and 13. The proportion of alternative 
splicing is reproducible and constant in a given individual. The 
omission of exon 12 in a significant proportion of transcripts supports 
the hypothesis that a minimal amount of correctly expressed CFTR is 
sufficient for the maintenance of a clinically normal phenotype. 
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Quantitative expression patterns of multidrug-resistance 
P-glycoprotein (MDR1) and differentially spliced 
cystic- fibrosis transmembrane-conductance regulatory mRNA 
transcripts in human epithelia. 

Bremer S.; Hoof T.; Wilke M. ; Busche R.; Scholte B.; 
Riordan J.R.; Maass G. ; Tummler B. 
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P-glycoprotein (MDR1) , that confers multidrug resistance in cancer, and 
the cystic-fibrosis transmembrane-conductance 
regulator (CFTR), that is causative defective in cystic 
fibrosis, belong to the family of ATP-binding transport proteins. 
The expression of MDR1 and CFTR in human epithelial tissues and the cell 
lines T8 4 and HT29 was estimated by primer-directed reverse transcription 
(RT) and subsequent monitoring of the kinetics of cDNA product formation 
during the polymerase chain reaction (PCR) . MDR1 mRNA was found in high 
levels, 15-50 amol mRNA/.mu.g RNA, in the intestine, kidney, liver and 
placenta, and in low levels, 0.2 amol/.mu.g RNA, in respiratory 



large 



epithelium. Large amounts of CFTR mRNA were measured in the 
gastrointestinal tract, whereas the kidney, as the phenotypically normal 
organ, and the lung, as the most severely affected organ in cystic 
fibrosis, both contained low amounts, 3 amol CFTR/.mu.g RNA. CFTR 
transcript levels of 1-5 amol/.mu.g RNA were determined in lymphocytes 

lymphoblast cell lines, suggesting that lymphoblasts are an accessible 
source for the study of the molecular pathogenesis of cystic 
fibrosis. When transcripts were scanned by overlapping RT/PCR 
analyses, only transcript of expected size was detected for MDR1 mRNA, 
wnereas vanauie j_ii— j..Lcuiie lacxo-xuno ui. <=j_ l_h<_ ±. ^uii -i, ^/j. — — 

observed in CFTR mRNA. The complete loss of single exons was seen at 
proportions of 1-40% in all investigated tissues and cell lines with 

donor-to-donor variation. Exons 9 and 12 of the CFTR gene encode parts of 
the evolutionarily well-conserved first nucleotide-binding fold including 
the two Walker motifs. Alternative splicing may give 
rise to various CFTR forms of different function and localization. 
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Multiple activities of the human splicing factor ASF 
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The effects of human alternative splicing 
J /factor, ASF, on in vitro splicing of adenovirus E1A pre-mRNA were 
XI examd. E1A pre-mRNA is a complex substrate, and splicing in HeLa cell 
nuclear exts. produces six different RNAs using three alternative 5' 
splice sites and two 3' splice sites. Addn. of excess ASF to splicing 
reactions produced a simplified splicing pattern, in which only one 
spliced product, 13S RNA, was detected. Inhibition of 12S and 9S 
splicing, which use 5 1 splice sites upstream of the 13S 5' splice site, 
extends previous observations that when multiple 5' splice sites compete 
for the same 3' splice site, ASF causes preferential selection of the 
proximal 5' splice site. However, inhibition of the other splices, which 
use a different upstream 3' splice site, represents a novel activity of 
ASF, as competition between 5' splice sites is not involved. The effect 
of ASF on 12S splicing was found to depend on its position relative to 
competing 5' splice sites, indicating that the ability of ASF to activate 
proximal 5' splice sites is position- but not sequence-dependent. 
Finally, addn. of small amts . of ASF to ASF-lacking S100 ext. was able to 
— j.4, r -,-i-^ ^4 = i = <=• uoi i a <= nmvimai s 1 snl.i r.e sites in two of three 



ft ■ 



pre-mRNAs tested, indicating that in tnese cases cnanges m uu 
ASF alone can be sufficient to modulate alternative 5' splice site 
selection . 
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A novel protein factor is required for use of distal 

alternative 5' splice sites in vitro 
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Journal 
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re-mRNA was used as a model to examine alternative 5' 
ction during in vitro splicing reactions. Strong 



preference for the downstream 13S 5' splice site over the upstream 12S or 
9S 5' splice sites was obsd. However, the 12S 5' splice site was used 
efficiently when a mutant pre-mRNA lacking the 13S 5' splice site was 
processed, and 12S splicing from this substrate was not reduced by 13S 
splicing from a sep. pre-mRNA, demonstrating that 13S splicing reduced 

12S 

5' splice site selection through a bona fide cis-competition. 
DEAE-cellulose chromatog. of nuclear ext. yielded 2 fractions with 
different splicing activities. The bound fraction contained all 
components required for efficient splicing of simple substrates but was 
unable to utilize alternative 5' splice sites. In contrast, the 
flow-through fraction, which by itself was inactive, contained an 
activity 

required for alternative splicing and was shown to stimulate 12S and 9S 
splicing, while reducing 13S splicing, when added to reactions carried 

out 

by the bound fraction. Furthermore, the activity, which was called 

distal , 

splicing factor (DSF) , enhanced utilization of an upstream 5" 1 splice site 
on a simian virus 40 early pre-mRNA, suggesting that the factor acts in a 
position-dependent, substrate-independent fashion. Several lines of 
evidence are presented suggesting that DSF is a non-small nuclear 
ribonucleoprotein protein. Finally, a functional interaction is 

described 

between DSF and ASF, a protein that enhances use of downstream 5 splice 
sites . 
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COUNTRY: United States 

DOCUMENT TYPE: Journal; Article 
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SUMMARY LANGUAGE: English 

AB Two genes, MDRl and MDR3, constitute the human P-glycoprotein gene 
family. 

_ . _ . -I..*.; ,4.;„ m ^v,i w Txai-i.T^c^n -t-V-.e* -M-. r-p<= known classes 

of mammalian P-glycoprotein genes, we have cloned the MDRii gene ana 
compared its structure with that of the human MDRl and the mouse mdrl 

(mdrlb) genes analyzed by other groups. The MDR 3 gene contains. 28 exons 
and 27 of these contain coding sequences for the two homologous halves of 
the protein that correlate with functional domains. This structure is 
virtually identical to that of the human MDRl gene and the mouse mdrl 

(mdrlb) gene, indicating that the exon/intron structure was fixed before 
the duplication events that generated different classes of 
P-glycoproteins, but after the P-glycoproteins diverged from related 
genes, like the cystic fibrosis transmembrane 

conductance regulator (CFTR) gene, which has an entirely different 
exon/intron structure. The four alternatively spliced transcripts of the 
MDR3 gene arise from alternative splicing of exons 23 

and 26. Our analysis of DNA clones covering about 120 kilobases (kb) of 
the human MDR locus, including the entire MDR 3 gene (74 kb) and the 
intergenic region between both genes (34 kb), combined with pulsed-field 
gel electrophoresis data shows that the human MDR locus covers about 230 
kb. In contrast to the mouse mdr genes, both human genes are transcribed 



in the same direction (MDR3 located downstream of MDR1) . The CpG-rich 
sequences marking the 5' ends of both genes are hypomethylated to 
different extents in different cell lines. Hypomethylation roughly 
correlates with transcriptional activity. 
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TITLE: Primary structure of the human splicing factor ASF 

reveals similarities with Drosophila regulators 
AUTHOR (S) : Ge, Hui; Zuo, Ping; Manley, James L. 

CORPORATE SOURCE: Dep. Biol. Sci . , Columbia Univ., New York, NY, 10027, 

USA 

SOURCE: Cell (Cambridge, Mass.) (1991), 66(2), 373-82 

CODEN: CELLB5; ISSN: 0092-8674 
DOCUMENT TYPE : Journal 
LANGUAGE: English 

AB The purifn. of a human protein, called alt e rnat ive 

splicing factor (ASF) , that can switch utilization of 
alternative 5' splice sites in an SV40 early pre-mRNA was previously 
described. Here, the isolation of a cDNA, designated ASF-1, that encodes 
this protein is reported. ASF-1 consists of 248 amino acid residues, 
including an 8 0-residue RNA-binding domain at its N- terminus and a 
50-residue C-terminal region that is 80% serine plus arginine. ASF-1 
produced in Escherichia coli can activate splicing in vitro and switch 5' 
splice-site utilization, establishing that the recombinant protein is 
sufficient to supply these activities. Anal, of addnl . cDNAs revealed 
that ASF pre-mRNA can itself be alternatively spliced, surprisingly, by 
utilization of a shared 5' splice site and 2 closely spaced 3' splice 
sites. Use of the upstream site results in a second mRNA (ASF-2) in 

which 

translation of the downstream exon occurs extensively in an alternative 
reading frame distinct from ASF-1. 
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TI Aberrant splicing in the PKD2 gene as a cause of 

polycystic kidney disease. 
AU Reynolds D M; Hayashi T; Cai Y; Veldhuisen B; Watnick T J; Lens X M; 

Mochizuki T; Qian F; Maeda Y; Li L; Fossdal R; Coto E; Wu G; Breuning M 

H; 

Germino G G; Peters D J; Somlo S 
CS Department of Medicine, Albert Einstein College of Medicine, Bronx, New 
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SO JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY, (1999 Nov) 10 (11) 
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AB It is estimated that approximately 15% of families with autosomal 
dominant 

polycystic kidney disease (ADPKD) have mutations in PKD2 . Identification 
of these mutations is central to identifying functionally important 
regions of gene and to understanding the mechanisms underlying the 
pathogenesis of the disorder. The current study describes mutations in 

six 

type 2 ADPKD families. Two single base substitution mutations discovered 
in the ORF in exon 14 constitute the most COOH-terminal pathogenic 
variants described to date. One of these mutations is a nonsense change 
and the other encodes an apparent missense variant. Reverse 
transcription-PCR from patient lymphoblast RNA showed that, in addition, 
both mutations resulted in out-of-frame splice variants by activating 
cryptic splice sites via different mechanisms. The apparent missense 
variant produced such a strong splicing signal that the processed 
transcript from the mutant chromosome did not contain any of the normally 
spliced, missense product. A third mutation, a nonconservative missense 

span, is likely pathogenic and defines a highly conserved residue 
consistent with a potential channel subunit function for polycystin-2 . 

The 

remaining three mutations included two frame shifts resulting from 
deletion of one or two bases in exons 6 and 10, respectively, and a 
nonsense mutation due to a single base substitution in exon 4. The study 
also defined a novel intragenic polymorphism in exon 1 that will be 
useful 

in analyzing "second hits" in PKD2 . Finally, the study demonstrates that 
there are reduced levels of normaj. polycystin-2 protein in lymphoblast 
lines from PKD2-af f ected individuals and that truncated mutant 
polycystin-2 cannot be detected in patient lymphoblasts, suggesting that 
the latter may be unstable in at least some tissues. The mutations 
described will serve as critical reagents for future functional studies 

in 

PKD2 . 
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disease type II (GSDII) : molecular identification of an IVSl 
(-13T — >G) mutation in a majority of patients and a novel IVS10 
(+1GT — >CT) mutation. 

AU Huie M L; Chen A S; Tsujino S; Shanske S; DiMauro S; Engel A G; 

Hirschhorn 
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AB Two newly identified splice site mutations (IVSl -13T — >G and IVS10 
+1GT — >CT) were found in a patient with adult onset of the autosomal 
recessive disorder glycogen storage disease type II (GSDII) . The IVSl 
-13T — >G transversion in the acceptor splice site was found on one allele 
in over two thirds of adult onset GSDII patients studied (28/41), but was 
not seen in 58 normal or 12 infantile onset GSDII chromosomes. Molecular 
analysis of cDNA from the index patient and four additional, ethnically 
different, individuals carrying the IVSl -13T — >G transversion showed 
splicing out of the first coding exon as well as rare utilization of a 
cryptic splice site in the exon. An IVS10 +1GT — >CT transversion, unique 
to the index patient, was detected on the second chromosome. The IVS10 
+1GT — >CT results in splicing out of exon 10 including part of the enzyme 
catalytic site. Additionally, a large deletion encompassing exon 18, 
previously described in four unrelated patients, was also detected in 
three unrelated adult GSDII patients, two of whom carried the IVSl 
-13T — >G transversion. The frequency of the IVSl splice site mutation 
suggests that detection of this mutation could potentially aid in the 
diagnosis of the phenotypically variable syndrome of adult onset GSDII. 
The finding that the -13T — >G mutation is a very common mutation in adult 
onset GSDII patients of varying ethnic and racial backgrounds, suggests 

Aitnougn to our Knowledge tnese are tne rirst splice site mutations to be 
reported for GSDII, additional splice site mutations are likely and could 
provide the basis for later onset disease in GSDII. 
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TI Construction of a novel database containing aberrant splicing mutations 
of 

mammalian genes. 
AU Nakai K; Sakamoto H 

CS National Institute for Basic Biology, Okazaki, Japan.. 
SO GENE, (1994 Apr 20) 141 (2) 171-7. 

Journal code: FOP. ISSN: 0378-1119. 
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AB To explore the rules for mammalian splice-site selection using a 
statistical approach, we constructed an aberrant 

splicing database containing an extensive collection of mammalian 
genetic disease mutations (90 genes, 209 mutations) . From this 
database, we confirmed that: (1) more than 90% of mutations either 
destroy 

or create the splice-site consensus sequences; (2) the number of 
mutations 

mapped at individual residues in the splice-site regions roughly 
correlates to their conservation degrees in the consensus sequences; (3) 
about half of the observed aberrant splicing is exon skipping, while 
intron retention is rarely observed; (4) almost all of the major cryptic 
sites, activated by mutations, are mapped within an about 100-nt region 
from the authentic splice sites. Furthermore, we found that: (5) 
mutations 

are observed more frequently in the 5' splice-site region than in the 3 
splice site region; (6) splice sites that are newly created by mutations 
are located upstream from the authentic splice sites. Hopefully, these 
observations will be used as rules for constructing a more effective 
prediction system of exon sequences. 
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Human XLIS gene and product doublecortin and diagnostic and therapeutic 
uses thereof. 

Chelly J; Kahn A; Des PV; Pinard J 

(1999). Eur. Pat. Appl. PATENT NO. 918091 05/26/1999 (Institut National de 
la Sante et de la Recherche Medicale (INSERM) ) . 
CODEN: EPXXDW. 
FRANCE 
"Patent 
CA 

English 
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The present invention relates to the identification of a 
XLIS, and of the XLIS gene product, called doublecortin, 



new gene, called 
as well as to 



diagnostic and therapeutic applications of these nucleotide and peptide 
sequences. The structure of the XLIS gene was unusual in that only 16% of 
its sequence is coding. Alternative splicing leads to a protein of 360 
amino acids (doublecortin) as well as one of 402 amino acids. Missense 
mutations and a mutation leading to aberrant splicing 
in the XLIS gene were identified which correlated with the 
diseases lissencephaly/agyria-pachygyria and subcortical laminar 
heterotopia/band heterotopia/dobule cortex syndrome. XLIS transcripts are 
present at very high levels in fetal brain, esp. in neurons, and are then 
gradually downregulated and reach an undetectable level in adult brain. 
The XLIS gene seems to be required for initial steps of neuronal 
dispersion and cortex lamination. 
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